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(54) Current driven, light emitting active matrix display apparatus and driving method thereof 



(57) This invention provides a display device in 
which it is possible to have a light emitting element emit 
light with constant luminance without coming under the 
influence of deterioration over time, and it is possible to 
realize accurate gray scale, and further it is possible to 
speed up writing of a signal current to each pixel, and 
suppress influence of noise of a leak current etc. and a 
driving method thereof. A plurality of pairs of switch parts 
and current source circuits are disposed in each pixel. 
Switching of each of a plurality of the switch parts is con- 



trolled by a digital video signal. When the switch part is 
turned ON by a current supplied from the current source 
circuit coupled to the switch part, the light emitting ele- 
ment emits light. A current which is supplied from one 
current source circuit to the light emitting element is con- 
stant. A value of a current flowing through the light emit- 
ting element is comparable to a value of added currents 
which are supplied to the light emitting element from re- 
spective all current source circuits making pairs with the 
switch parts which are in the conductive states. 



Fig. 1 



CM 
< 

CO 
CM 

CO 
CD 
CO 



CL 
UJ 



digital video signal a 



ccatrol signal a 

control sicoal I 

power snip If Haa 



constant 

current 

la+lb 




pour supply riftrenct lint 



Printed by Jouve, 75001 PARIS (FR) 



EP 1363 264 A2 

Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] This invention relates to a display device using a light emitting element and a driving method thereof. More 
particularly, it relates to an active matrix type display device in which a light emitting element is disposed in each pixel 
and a transistor for controlling light emission of the light emitting element is provided and a driving method thereof. 

10 

2. Description of the Related Art 

[0002] Development of a display device having a light emitting element has been put forward in these years. In 
particular, development of an active matrix type display device in which a light emitting element and a transistor for 

15 controlling light emission of the light emitting element are disposed in each pixel has been put forward. 

[0003] In the active matrix type display device, either a technique in which an input of luminance information to each 
pixel is carried out by a voltage signal or a technique in which it is carried out by a current signal is mainly used. The 
former is called as a voltage writing type, and the latter is called as a current writing type. These structures and driving 
methods will be, hereinafter, described in detail. 

20 [0004] Firstly, one example of a pixel of the voltage writing type is shown in Fig.26 and its structure and driving 
method will be described. In each pixel, two TFT(a switching TFT 3001 and a driving TFT 3004) and a holding capacitor 
3007 and an EL element 3006 are disposed. Here, a first electrode 3006a of the EL element 3006 is called as a pixel 
electrode, and a second electrode 3006b is called as a counter electrode. 

[0005] A driving method of the above-described pixel will be described. When the switching TFT 3001 is turned ON 
25 by a signal which is inputted to a gate signal line 3002, an electric charge is stored and held in the holding capacitor 
3007 by a voltage of a video signal which is inputted to a source signal line 3003. A current which amount corresponds 
to the electric charge held in the holding capacitor 3007 flows from a power supply line 3005 to the EL element 3006 
through the driving TFT 3004 so that the EL element 3006 emits light. 

[0006] In pixels of the voltage writing type, the video signal which is inputted to the source signal line 3003 may be 
30 of an analog system or may be of a digital system. Driving in a case that the analog system video signal was used is 
called as the analog system, and driving in a case that the digital system video signal is used is called as the digital 
system. 

[0007] In the voltage writing type analog system, a gate voltage (a voltage between a gate and a source) of each 
pixel of the driving TFT 3004 is controlled by the analog video signal. And, by the drain current with a value comparable 

35 to the gate voltage flowing through the EL element 3006, luminance is controlled and gray scale is displayed. On this 
account, generally in the voltage writing type analog system, in order to display halftone gray scale level, the driving 
TFT 3004 is made to operate in such an area that change of the drain current is larger relative to that of the gate voltage. 
[0008] On the other hand, in the voltage writing type digital system, periods of light emission is controlled and gray 
scales are displayed by selecting using digital signals whether the EL element 3006 is made to emit light or not. In 

40 short, the driving TFT 3004 takes a function as a switch. On this account, generally in the voltage writing type digital 
system, on the occasion that the EL element 3006 is made to emit light, the driving TFT 3004 is made to operate in a 
linear region/more closely, particularly an area in which an absolute value of the gate voltage is large in the linear region. 
[0009] The operation area of the driving TFT in the voltage writing type digital system and the voltage writing type 
analog system will be described by use of Figs.27A and 27B. Fig.27A is a view, for the purpose of simplicity, showing 

45 only the driving TFT 3004, the power supply line 3005 and the EL element 3006 in the pixel shown in Fig.26. Curves 
31 01 a and 31 01 b in Fig.27B shows a value of the drain current l d corresponding to the gate voltage of the driving 
TFT 3004, respectively. The curve 3101b shows a characteristic in a case that a threshold voltage of the driving TFT 
3004 is changed from that in case of the curve 31 01 a. 

[001 0] In the voltage writing analog system, the driving TFT 3004 operates in an operation area shown by (1 ) in Fig. 
so 27B. In the operation area (1), when a gate voltage V gs1 is applied, if a current characteristic of the driving TFT 3004 
varies from 31 01 a to 3 1 01 b, the drain current changes from l d1 to l^. In short, in the voltage writing type analog system, 
when the current characteristic of the driving TFT 3004 varies , the drain current varies and therefore, there is a problem 
that luminance of the EL element 3006 varies among pixels. 

[001 1] On the other hand, the driving TFT in the voltage writing type digital system operates in an operation area 
55 shown by (2) in the figure. The operation area (2) corresponds to the linear region. The driving TFT 3004 which operates 
in the linear region, in case that the same gate voltage V gs2 is applied, have substantially a constant current flown 
since variation of the drain current resulting from variation of the characteristic such as mobility and threshold voltage 
is small. Thus, in the voltage writing type digital system in which the driving TFT 3004 operates in the operation area 
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(2), even if the current characteristic of the driving TFT 3004 varies from 3101a to 3101b, it is hard for the current 
flowing through the EL element 3006 to vary, and it is possible to suppress variation of light emission luminance. 
[0012] Thus, it can be said that as to the variation of luminance of the EL element resulting from the variation of the 
current characteristic of the driving TFT 3004, that of the voltage writing type digital system is smaller than that of the 

5 voltage writing type analog system . 

[0013] Then, a structure and a driving method of the pixel of the current writing type will be described. 
[0014] In a display device of the current writing type, a current of the video signal (signal current) is inputted from 
the source signal line to each pixel. The signal current has a current value which linearly corresponds to luminance 
information. The signal current which was inputted becomes a drain current of a TFT included in a pixel. A gate voltage 

10 of the TFT is held in a capacitance part included in a pixel. Even after input of the signal current is terminated, the drain 
current of TFT is maintained to be constant by the held gate voltage, and by inputting the drain current to the EL 
element, the EL element emits light. In this manner, in the current writing type display device, a current flowing through 
the EL element is made to be changed by changing magnitude of the signal current so that the light emission luminance 
of the EL element is controlled and gray scale is displayed. 

15 [0015] Hereinafter, two structures of the pixels of the current writing type are illustrated for example, and those struc- 
tures and driving methods thereof will be described in detail. 

[0016] Fig.28 shows a structure of a pixel which is described in a patent document 1(JP-T-2002-51 7806) and a non 
patent document 1(IDW00 p235-p238: Active Matrix Poly LED Displays). The pixel shown in Fig.28 has an EL element 
3306, a switching TFT 3301 , a driving TFT 3303, a holding capacitor 3305, a holding TFT 3302, and a light emitting 
20 TFT 3304. Also, 3307 designates a source signal line, and 3308 designates a first gate signal line, and 3309 designates 
a second gate signal line, and 3310 designates a third gate signal line, and 3311 designates a power supply line. A 
current value of the signal current which is inputted to the source signal line 3307 is controlled by a video signal input 
current source 331 2. 

[0017] A driving method of the pixel of Fig.28 will be described by use of Figs.29A to 29D. In addition, in Figs.29A 
25 to 29D, the switching TFT 3301 , the holding TFT 3302 and the light emitting TFT 3304 are shown as switches. 

[0018]' In a period of TA1 , the switching TFT 3301 and the holding TFT 3302 are turned ON. In this moment, the 
power supply line 3311 is connected to the source signal line 3307 through the driving TFT 3303 and the holding 
capacitor 3305. Through the source signal line 3307, a current amount l vUJeo defined by a video signal input current 
source 3312 flows. Therefore, when time passes and it becomes a stable state, the drain current of the driving TFT 
30 3303 becomes l vkleo . Also, the gate voltage corresponding to the drain current l vide0 is held in the holding capacitor 
3305 (Fig. 29A). After the drain current of the driving TFT 3303 is settled to be Video. a P erlod of TA2 is initiated > and 
the holding TFT 3302 is turned OFF. 

[0019] Next, a period of TA3 is initiated, the switching TFT 3301 is turned OFF (Fig. 29C). Further, in a period of 
TA4, when the light emitting TFT 3304 is turned ON, the signal current l vldco is inputted from the power supply line 
35 3311 to the EL element 3306 through the driving TFT 3303. By this means, the EL element 3306 emits light with 
luminance corresponding to the signal current l video . In the pixel shown in Fig.28, by analogously changing the signal 
current l video , it is possible to express the gray scale. 

[0020] In the above-described current writing type display device, the drain current of the driving TFT 3303 is deter- 
mined by the signal current which is inputted from the source signal line 3307, and still further, the driving TFT 3303 

40 operates in a saturation region. Therefore, even if there is variation of the characteristic of the driving TFT 3303, the 
gate voltage of the driving TFT 3303 automatically changes in such a manner that a constant drain current flows through 
the light emitting element. In this manner, in the current writing type display device, even if the characteristic of TFTs 
varies, it is possible to suppress variation of a current flowing through the EL element. As a result, it is possible to 
suppress the variation of the light emission luminance. 

45 [0021] Next, another example of the current writing type pixel which is different from Fig.28 will be described. Fig. 
30A shows a pixel which is described in a patent document 2(JP^A-2001 -147659). 

[0022] A pixel shown in Fig.30A is configured by an EL element 2906, a switching TFT 2901 , a driving TFT 2903, a 
current TFT 2904, a holding capacitor 2905, a holding TFT 2902, a source signal line 2907, a first gate signal line 2908, 
a second gate signal line 2909, and a power supply line 2911 . It is necessary for the driving TFT 2903 and the current 
50 TFT 2904 to have the same polarity. Here, for the purpose of simplicity, it is assumed that an l d -Vgs characteristic (a 
relation of the drain current and the voltage between gate and drain) of the driving TFT 2903 is the same as that of the 
current TFT 2904. Also, a current value of the signal current which is inputted to the source signal line 2907 is controlled 
by the video signal input current source 2912. 

[0023] A driving method of the pixel shown in Fig.30A will be described by use of Figs.30B to 30D. In addition, in 
55 Figs.30B to 30D, the switching TFT 2901 and the holding TFT 2902 are shown as switches. 

[0024] In the period of TA1 , when the switching TFT 2901 and the holding TFT 2902 are turned ON, the power supply 
line 291 1 is connected to the source signal line 2907 through the current TFT 2904, the switching TFT 2901 , the holding 
TFT 2902 and the holding capacitor 2905. Through the source signal line 2907, the current amount l video which is 
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defined by the video signal input current source 291 2 flows. Therefore, when sufficient time passes and it becomes a 
stable state, the drain current of the current TFT 2904 becomes l video , and the gate voltage corresponding to the drain 
current l video is held in the holding capacitor 2905. 

[0025] After the drain current of the current TFT 2904 is settled to be l vjdeo> the period of TA2 is initiated, and the 
5 holding TFT 2902 is turned OFF. In this moment, through the driving TFT 2903, the drain current of l vldeo flows. In this, 
manner, the signal current l vjdeo is inputted from the power supply line 291 1 to the EL element 2906 through the driving 
TFT 2903. The EL element 2906 emits light with luminance in response to the signal current 1^^. 
[0026] Next, when the period of TA3 is initiated, the switching TFT 2901 is turned OFF. Even after the switching TFT 
2901 is turned OFF, the signal current l vkteo continues to be inputted from the power supply line 291 1 to the EL element 
10 2906 through the driving TFT 2903, and the EL element 2906 continues to emit light. The pixel shown in Fig.30A can 
express gray scale by analogously changing the signal current l^^. 

[0027] In the pixel shown in Fig.30A, the driving TFT 2903 operates in the saturation region. The drain current of the 
driving TFT 2903 is determined by the signal current which is inputted from the source signal line 2907. Therefore, if 
the current characteristics of the driving TFT 2903 and the current TFT 2904 in the same pixel are equivalent, even if 

15 there is variation of the characteristics of the driving TFTs 2903, the gate voltage of the driving TFT 2903 automatically 
changes in such a manner that a constant drain current is made to flow through the light emitting element. 
[0028] In the EL element, a relation of a voltage between both electrodes thereof and a flowing current amount (l-V 
characteristic) changes due to influence of ambient temperature, deterioration over time and so on. Therefore, in a 
display device in which the driving TFT is operated in the linear region like the above-described voltage writing type 

20 digital system, even if a voltage value between both electrodes of the EL element is the same, the current amount 
flowing between both electrodes of the EL element is changed. 

[0029] In the voltage writing type digital system, Figs.31 A and 3 1 B are views showing a change of an operating point 
in a case that the l-V characteristic of the EL element is changed due to deterioration etc. In addition, in Figs.31 A and 
31 B, same reference numerals are given to those portions which are the same as the corresponding portions of Figs. 
25. 27Aand27B. 

[0030] Flg.31 A is a view, for the purpose of simplicity, showing only the driving TFT 3004 and the EL element 3006 
in Fig.26. A voltage between a source and a drain of the driving TFT 3004 is represented by V^. A voltage between 
both electrode of the EL element 3006 is shown by V EL . A current flowing through the EL element 3006 is shown by 
IEL. The current IEL equals to the drain current Id of the driving TFT 3004. An electric potential of the power supply 

30 line 3005 is shown by V^. Also, an electric potential of a counter electrode of the EL element 3006 is assumed to be 0(V). 
[0031] in Fig.31 B, 3202a designates a curve which shows the relation of the voltage V EL and the current amount l EL 
of the EL element 3006 before deterioration (l-V characteristic). On the other hand, 3202b designates a curve which 
shows l-V characteristic of the EL element 3006 after deterioration. 3201 designates a curve which shows the relation 
of the voltage between source and drain V^ and the drain current l d (l EL ) of the driving TFT 3004 in a case that the 

35 gate voltage in Fig.27B is V^g. Operating conditions (operating points) of the driving TFT 3004 and the EL element 
3006 are determined by an intersection point of these two curves. In short, by the intersection point 3203a of the curve 
3202a and the curve 3201 in the linear region shown in the figure, the operating conditions of the driving TFT 3004 
and the EL element 3006 before deterioration of the EL element 3006 are determined. Also, by the intersection point 
'3203b of the curve 3202b and the curve 3201 in the linear region shown in the figure, the operating conditions of the 

40 driving TFT 3004 and the EL element 3006 after deterioration of the EL element 3006 are determined. The operating 
points 3203a and 3203b will be compared to each other. 

[0032] In the pixel which was selected to be in a light emitting state, the driving TFT 3004 is in a state of ON. In this 
moment, a voltage between both electrodes of the EL element 3006 is V A1 . When the EL element 3006 is deteriorated 
and its l-V characteristic is changed, even if the voltage between both electrodes of the EL element 3006 is substantially 
45 the same as VA1, a flowing current is changed from l EL1 to l EL2 . In short, since the current flowing through the EL 
element 3006 is changed from l EL1 to l EL2 by a level of deterioration of the EL element 3006 of each pixel, the light 
emission luminance is varied. 

[0033] As a result, in a display device having a pixel of such a type that the driving TFT is made to be operated in 
the linear region, burn-in of an image tends to occur. 
so [0034] On the other hand, in the pixels of the current writing type shown in Figs.28 and 30A to 30D, the above- 
described bum-in of the image is reduced. This is because, in the pixel of the current writing type, the driving TFT 
operates so as to always flow substantially a constant current. 

[0035] In the pixel of the current writing type, change of the operating point in a case that the l-V characteristic of 
-the EL element, in the current writing type, is changed due to deterioration etc. will be described by use of the pixel of 
55 Fig.28 as an example. Fig.32 is a view showing the change of the operating point in the case that the l-V characteristic 
of the EL element is changed due to deterioration etc. In addition, in Fig.32, same reference numerals are given to 
those portions which are the same as the corresponding portions of Fig.28. 

[0036] Fig.32A is a view, for the purpose of simplicity, showing only the driving TFT 3303 and the EL element 3306 
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in Fig.28. A voltage between a source and a drain of the driving TFT 3303 is shown by V ds . A voltage between a 
cathode and an anode of the EL element 3306 is shown by V EL . A current flowing through the EL element 3306 is 
shown by i EL . The current l EL equals to the drain current l d of the driving TFT 3303. An electric potential of the power 
supply line 3005 is shown by V^. Also, an electric potential of a counter electrode of the EL element 3306 is assumed 
5 to be 0(V). 

[0037] In Fig.32B, 3701 designates a curve which shows the relation of the voltage between source and drain and 
the drain current of the driving TFT 3303. 3702a designates a curve which shows the l-V characteristic of the EL 
element 3306 before deterioration. On the other hand, 3702b designates a curve which shows the l-V characteristic 
of the EL element 3306 after deterioration. Operating conditions of the driving TFT 3004 and the EL element 3006 
10 before deterioration of the EL element 3306 are determined by an intersection point 3703a of the curves 3702a and 
3701 . Operating conditions of the driving TFT 3303 and the EL element 3306 after deterioration of the EL element 
3306 are determined by an intersection point 3703b of the curves 3702b and 3701 . Here, the operating points 3703a 
and 3703b will be compared to each other. 

[0038] In the pixel of the current writing type, the driving TFT 3303 operates in the saturation region. Before and after 
15 the EL element 3006 is deteriorated, the voltage between both electrodes of the EL element 3006 is changed from 
V B1 to V B2 but, the current flowing through the EL element 3006 is maintained to be l EL1 which is substantially constant. 
In this manner, even if the EL element 3006 is deteriorated, the current flowing through the EL element 3006 is main- 
tained to be substantially constant. Thus, the problem of the burn-in of the image is reduced. 
[0039] However, in the conventional driving method of the current writing type, there is a necessity that electric charge 
20 corresponding to the signal current is held in the holding capacity of each pixel. The operation for holding a predeter- 
mined electric charge in the holding capacitor needs longer time as the signal current becomes smaller, because of 
an intersection capacitance etc. of a wiring through which the signal current flows. On that account, it is difficult to 
quickly write the signal current. Also, in case that the signal current is small, large is influence of a noise of a leak 
current etc. which occurs from a plurality of pixels connected to the same source signal line as that of the pixel to which 
25 writing of the signal current is carried out. Therefore, there is such a high risk that it is impossible for the pixel to emit 
light with accurate luminance. 

[0040] Also, in the pixel having a current mirror circuit represented by the pixel shown in Fig.30, it is desirable that 
a pair of TFTs which configure the current mirror circuit have same current characteristics. However, in reality, it is hard 
that the pair of these TFTs have completely the same current characteristics, and there occurs variation. 
30 [0041] In the pixel shown in Fig.30, threshold values of the driving TFT 2903 and the current TFT 2904 are V tha , V thb , 
respectively. When the threshold values V tha , of both transistors vary and an absolute value IV tha l of V tha has 
become smaller than an absolute value IV^I of V thb , a case of carrying out a black display will be considered. The 
drain current flowing through the current TFT 2903 is comparable to the current value I^q determined by the video 
signal input current source 2912, and assumed to be 0. However, even if the drain current does not flow through the 

35 current TFT 2904, there is a possibility that a voltage of a level of slightly smaller than IV^I is held in the holding 
capacitor 2905. Here, because of IV^IV^l, there is a possibility that the drain current of the driving TFT 2903 is not 
0. Even in case that the black display is carried out, there is such a risk that the drain current flows through the driving 
TFT 2903 and the EL element 2906 emits light, and there occurs a problem that contrast comes down. 
[0042] Further, in the conventional display device of the current writing type, the video signal input current source 

40 for inputting the signal current to each pixel is disposed with respect to each column (with respect to each pixel line). 
There is a necessity that current characteristics of those all video signal input current sources are made to be the same 
and a current value to be outputted is analogously changed with accuracy. However, in a transistor using polycrystalline 
semiconductors etc., since variation of characteristics of transistors is large, it is difficult to make the video signal input 
current source in which current characteristics are uniform. Thus, in the conventional display device of the current 

45 writing type, the video signal input current source is fabricated on a single crystalline IC substrate. On the other hand, 
it is general that as to a substrate oh which the pixel is formed, it is fabricated on an insulation substrate such as glass 
etc. from the aspect of cost etc. Then, there is a necessity that a single crystalline IC substrate on which the video 
signal input current source is fabricated is attached over a substrate over which the pixel is formed. The display device 
of such structure has such problems that cost is high, and an area of a picture frame can not be reduced since large 

so is an area which is required on the occasion of attachment of the single crystalline IC substrate: 

[0043] In view of the above-described actual condition, the invention has a task to provide a display device in which 
a light emitting element can be made to emit light with constant luminance without coming under the influence of 
deterioration over time and a driving method thereof. Also, the invention provides a display device in which it is possible 
to carry out accurate gray scale expression, and also, it is possible to speed up writing of a video signal to each pixel, 

55 and influence of noise such as a leak current etc. is suppressed and a driving method thereof. Furthermore, the invention 
has a task to provide a display device which reduces an area of a picture frame and realizes miniaturization and a 
driving method thereof. 
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SUMMARY OF THE INVENTION 

[0044] The invention took the following steps in order to solve the above-described tasks or problems. 
[0045] Firstly, an outline of the invention will be described. Each pixel which is included in a display device of the 
5 invention has a plurality of switch parts and a plurality of current source circuits. One switch part and one current source 
circuit operates as a pair. Hereinafter, a set of one switch part and one current source circuit is called as PAIR. There 
exist a plurality of PAIRs in one pixel. 

[0046] As to each of a plurality of the switch parts, ON or OFF thereof is selected by a digital video signal. When the 
switch part is turned ON (conductive), a current flows from the current source circuit which corresponds to the switch 

10 part to the light emitting element so that the light emitting element emits light. A current which is supplied from one 
current source circuit to the light emitting element is constant. According to the current rule of Kirchhoff, a value of a 
current which flows through the light emitting element is comparable to an added value of current values which are 
supplied from all current source circuits corresponding to the switch parts of conductive state to the light emitting 
element. In the pixel of the invention, the value of the current which flows through the light emitting element is changed 

is by which switch part out of a plurality of the switch parts is turned conductive so that it is possible to express gray scale. 
On the other hand, the current source circuit is set to always output a constant current of a certain level. Therefore, it 
is possible to prevent variation of the current which flows through the light emitting element. 
[0047] A structure of the pixel of the invention and its operation will be described by use of Fig.1 which typically 
shows the structure of the pixel of the display device of the invention. In Fig.1 , the pixel has two current source circuits 

20 (in Fig.1 , a current source circuit a, a current source circuit b), two switch parts (in Fig.1 , a switch part a, a switch part 
b) and the light emitting element. In addition, Fig.1 illustrates the example of the pixel in which there are two PAIRS of 
the switch part and the current source circuit in one pixel, but the number of pairs in one pixel may be the arbitrary 
number. 

[0048] The switch part (switch part a, switch part b) has an input terminal and an output terminal. To be conductive 

25 or non conductive between the input terminal and the output terminal of the switch part is controlled by the digital video 
signal. A state that the input terminal and the output terminal of the switch part are in a conductive state is. called as 
that the switch part is turned ON. Also : a state that the input terminal and the output terminal of the switch part are in 
non conductive state is called as that the switch part is turned OFF. Each switch part is controlled with respect to ON 
state and OFF state by the corresponding digital video signal. 

30 [0049] The current source circuit (current source circuit a, current source circuit b) has an input terminal and an 
output terminal, and has a function for having a constant current flowed between the input terminal and the output 
terminal. The current source circuit a is controlled to have the constant current l a flowed by a control signal a. Also, 
the current source circuit b is controlled to have the constant current l b flowed by a control signal b. The control signal 
may be a signal which is different from the video signal. Also, the control signal may be a current signal or may be a 

35 voltage signal. In this manner, an operation for determining a current which flows through the current source circuit by 
the control signal is called as a setting operation of a current source circuit or a setting operation of a pixel. Timing of 
carrying out the setting operation of the current source circuit may be synchronous with or may be asynchronous with 
the operation of the switch part, and can be set at arbitrary timing. Also, the setting operation may be carried out only 
to one current source circuit and information of the current source circuit to which the setting operation is carried out 

40 may be shared with other current source circuits. By the setting operation of the current source circuit, it is possible to 
suppress variation of current which the current source circuit outputs. 

[0050] The light emitting element means an element which luminance is changed by current amount flowing between 
both electrodes thereof. As the light emitting element, cited are an EL (Electro-Luminescence) element, a FE(Field 
Emission) element and so on. But, even in case of using an arbitrary element which controls its state by a current, a 

45 voltage and so on, in lieu of the light emitting element, it is possible to apply the invention. 

[0051] Out of two electrodes (anode and cathode) of the light emitting element gray scale electrode (first electrode) 
is electrically connected to the power supply line through the switch part a and the current source circuit a in sequence. 
Further, the first electrode is electrically connected to the power supply line thorough the switch part b and the current 
source circuit b in sequence. In addition, if it is such a circuit structure where a current defined by the current source 

so circuit a does not flow between the light emitting elements, on the occasion that the switch part a is turned OFF, and 
a current defined by the current source circuit b does noi flow between the light emitting elements, on the occasion of 
that the switch part b is turned OFF, the circuit structure is not limited to Fig.1 . 

[0052] In the invention , one current source circuit and one switch part are paired up, and they are connected serially. 
In the pixel of Fig.1 , there are two sets of such pairs, and the two sets of pairs are connected in parallel with each other. 
55 [0053] Then, an operation of the pixel shown in Fig.1 will be described. 

[0054] As shown in Fig.1 , in the pixel having two switch parts and two current source circuits, there exist three ways 
in total of paths of the current which is inputted to the light emitting element. A first path is a path through which a 
current supplied from either of two current source circuits is inputted to the light emitting element. A second path is a 



6 



ll ... 

I J > > 

EP 1 363 264 A2 

path through which a current supplied from another current source circuit being different from the current source circuit 
which supplies the current in the first path is inputted to the light emitting element. A third path is a path through which 
current is supplied from both two current source circuits to the light emitting element. In case of the third path, an added 
current of currents which are supplied from the respective current source circuits is to be inputted to the light emitting 
5 element. 

[0055] Explaining more concretely, the first path is a path through which only the current l a flowing through the current 
source circuit a is inputted to the light emitting element. This path is selected in case that the switch part a is turned 
ON and the switch part b is turned OFF by the digital video signal a and the digital video signal b. The second path is 
a path through which only the current l b flowing through the current source circuit b is inputted to the light emitting 

10 element. This path is selected in case that the switch part a is turned OFF and the switch part b is turned ON by the 
digital video signal a and the digital video signal b. The third path is a path thorough which the added current l a +l b of 
the current l a flowing through the current source circuit a and the current l b flowing through the current source circuit 
b is inputted to the light emitting element. This path is selected in case that both of the switch part a and the switch 
part b are turned ON by the digital video signal a and the digital video signal b. That is, since the current l a +l b are made 

15 to flow through the light emitting element by the digital video signal a and the digital video signal b, it turns out that the 
pixel carries out the same operation as digital/analog conversion. 

[0056] Subsequently, a basic technique for gray scale expression in the display device of the invention will be de- 
scribed. Firstly, a constant current which flows through each current source circuit is properly defined by the setting 
operation of the current source circuit. Each of the plurality of the current source circuits included in each pixel can set 

20 a current value different from those of the other current source circuits. Since the light emitting element emits light with 
luminance corresponding to a flowing current amount (current density), it is possible to set the luminance of the light 
emitting element by controlling which current source circuit the current is supplied from. Therefore, by selecting the 
path of the current which is inputted to the light emitting element, it is possible to select the luminance of the light 
emitting element from a plurality of luminance levels. In this manner, it is possible to select the luminance of the light 

25 emitting element of each pixel from a plurality of the luminance levels by the digital video signal. When all of the switch 
parts are turned OFF by the digital video signal, the luminance is regarded as to be 0 since no current is inputted to 
the light emitting element (which is hereinafter called as to select the non-light emitting state). In this manner, it is 
possible to express gray scale by changing the luminance of the light emitting element of each pixel. 
[0057] However, only by the above-described method, there is a case that the number of gray scales is not sufficient. 

30 Then, in order to realize multiple gray scales, it is possible to combine it with other gray scale systems. Roughly cat- 
egorizing, the there are two system. 

[0058] A first one is a technique of combining with a time gray scale system. The time gray scale system is a method 
for expressing gray scale by controlling a period of light emission within a one frame period. The one frame period is 
comparable to a period for displaying one screen image. Concretely, one frame period is divided into a plurality of sub 

35 frame periods, and with respect to each sub frame period, a light emitting state or a non-light emitting state of each 
pixej is selected. In this manner, by the combination of the period in which the pixel emits light and the light emission 
luminance, the gray scale is expressed. A second one is a technique of combining with an area gray scale system. 
The area gray scale system is a method for expressing gray scale by changing an area of a light emitting portion in 
one pixel. For example, each pixel is configured by a plurality of sub pixels. Here, a structure of each sub pixel is the 

40 same as the pixel structure of the display device of the invention. In each sub pixel, the light emitting state or the non 
light emitting state is selected. In this matter, by the combination of the area of the light emitting portion of the pixel 
and the light emission luminance, the gray scale is expressed. In addition, the technique of combining with the time 
gray scale system and the technique of combining with the area gray scale system may be combined. 
[0059] Then, an effective technique for further reducing the luminance variation in the above-described gray scale 

45 display technique will be shown. This is an effective technique in case that the luminance is varied due to, for example, 
noise etc. even when the same gray scale is intended to be expressed between the pixels. 

[0060] Two or more current source circuits out of a plurality of current source circuits included in each pixel is set so 
as to output the same constant current. And, on the occasion of expressing the same gray scale, the current source 
circuits which output the same constant current are selectively used. In this case, even if the output current of the 
50 current source circuit is varied, the current flowing through the light emitting element is temporarily averaged. Therefore, 
it is possible to visually reduce the variation of the luminance due to the variation of the output currents of the current 
source circuits among respective pixels. 

[0061] In the invention, since the current flowing through the light emitting element on the occasion of carrying out 
image display is maintained at a predetermined constant current, regardless of change of the current characteristic 
55 due to deterioration etc., it is possible to make the light emitting element emit light with constant luminance. Since ON 
or OFF state of the switch part is selected by the digital video signal and thereby, the light emitting state or the non 
light emitting state of each pixel is selected, it is possible to quicken the writing of the video signal to the pixel. In the 
pixel in which the non light emitting state is selected by the video signal, since the current to be inputted to the light 
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emitting element is completely cut off by the switch part, it is possible to express accurate gray scale. In short, it is 
possible to solve the problem of contrast deterioration due to the leak current on the occasion of black display. Also, 
in the invention, since it is possible to set the current value of the constant current flowing through the current source 
circuit large to some extent, it is possible to reduce the influence of noisewhich occurs on the occasion of writing a 
5 small signal current. Further, since a driving circuit for changing current values flowing through the current source 
circuits disposed in each pixel is not necessary and an external driving circuit fabricated over a separate substrate 
such as a single crystalline IC substrate etc., it is possible to realize a lower cost and a smaller size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0062] 

Fig.1 is a schematic diagram showing a structure of a pixel of a display device of the invention; 
Figs.2A to 2C are schematic diagrams showing a structure of the pixel of the display device of the invention; 
15 Fig.3 is a view showing a structure of a switch part of the pixel of the display device of the invention; 

Fig.4 is a view showing a driving method of the display device of the invention; 

Figs.5A to 5D are views showing structures of the switch parts of the pixels of the display device of the invention; 
Figs.6A and 6B are views showing the structure of the switch part of the pixel 

Fig. 6C is a driving method of the display device with the structure shown in Figs. 6A and 6B of the invention; 
20 Figs.7A to 7C are views showing structures of the pixels of the display device of the invention; 

Figs.8A to 8C are views showing structures of the pixels of the display device of the invention; 

Figs.9A to 9F are views showing structures and driving methods of current source circuits of the pixels of the 

display device of the invention; 

Figs.lOA to 10E are views showing structures and driving methods of the current source circuits of the pixels of 
25 the display device of the invention; 

Figs.HA to 11 E are views showing structures and driving methods of the current source circuits of the pixels of 
the display device of the invention; 

Figs.12 to 12F are views showing structures and driving methods of the current source circuits of the pixels of the 
display device of the invention; 
30 Figs.13A to 13F are views showing structures and driving methods of the current source circuits of the pixels of 

the display device of the invention; 

Figs.UA and 14B are views showing driving methods of the display device of the invention; 

Figs.15A and 15B are views showing a structure of a driving circuit of the display device of the invention; 

Fig. 16 is a view showing a structure of the pixel of the display device of the invention; 
35 Figs.17A and 17B are views showing structures of the pixels of the display device of the invention; 

Fig.1 8 is a view showing a structure of the pixel of the display device of the invention; 

Figs.1 9A to 1 9C are views showing structures of the pixels of the display device of the invention; 

Fig.20 is a view showing a structure of the pixel of the display device of the invention; 

Figs.21 A and 21 B are views showing structures of the pixels of the display device of the invention; 
40 Fig.22 is a view showing a structure of the pixel of the display device of the invention; 

Figs.23A to 23C are views showing structures of the pixels of the display device of the invention; 

Fig.24 is a view showing a structure of the pixel of the display device of the invention; 

Figs.25A and 25B are views showing structures of the pixels of the display device of the invention; 

Fig.26 is a view showing a structure of a pixel of a conventional display device; 
45 Figs.27A and 27B are views showing an operation region of a driving TFT of the conventional display device; 

Fig. 28 is a view showing a structure of a pixel of the conventional display device; 

Figs.29A to 29D are views showing an operation of the pixel of the conventional display device; 

Figs.30A to 30D are views showing the structure and the operation of the pixel of the conventional display device; 

Figs.31 A and 31 B are views showing the operation region of the driving TFT of the conventional display device; 
so Figs.32A and 32B are views showing the operation region of the driving TFT of the conventional display device; 

Figs.33A and 33B are views showing structures of current source circuits of the pixels of the display device of the 

invention; 

Figs.34A and 34B are views showing the structures of the current source circuits of the pixels of the display device 
of the invention; 

55 Fig.35 is a view showing a structure of the pixel of the display device of the invention; 

Fig.36 is a view showing a structure of the current source circuit of the pixel of the display device of the invention; 
Fig.37 is a view showing a structure of the current source circuit of the pixel of the display device of the invention; 
Fig.38 is a view showing a structure of the current source circuit of the pixel of the display device of the invention; 



8 



i )' : / 

EP 1 363 264 A2 

Figs. 39A and 39B are views showing structures of the current source circuits of the pixels of the display device 
of the invention; 

Fig.40 is a view showing a structure of the pixel of the display device of the invention; . 
Fig.41 is a schematic diagram showing a structure of a display system of the invention; 
5 Fig.42 is a graph showing a reJation of a channel length L and Al d ; 

Figs.43A and 43B are views showing structures of the pixels of the display device of the invention; and 
Figs.44A and 44B are views showing structures of the pixels of the display device of the invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
10 . 

(Embodiment 1) 

[0063] An embodiment of the invention will be described by use of Fig.2. In this embodiment, a case that there are 

two PAIRs in one pixel will be described. 
15 [0064] In Fig.2A, each pixel 100 has switch parts 101a and 101b, current source circuits 102a and 102b, a light 

emitting element 106, video signal input lines Sa and Sb, scanning lines Ga and Gb, and a power supply line W. The. 

switch part 101a and the current source circuit 102a are connected serially to form one PAIR. The switch part 102b 

and the current source circuit 1 02b are connected serially to form one pair. These two PAIRS are connected in parallel. 

Also, these two parallel circuits are serially connected to the light emitting element 1 06. 
20 [0065] In the pixel shown in Figs.2A to 2C, two PAIRS are disposed but, hereinafter, paying attention to the PAIR of 

the switch part 101a and the current source circuit 102a, a structure of the current source circuit 102a and the switch 

part 101a will be described by use of Figs.2A to 2C. 

[0066] Firstly, the current source circuit 1 02a will be described by use of Fig.2A. In Fig.2A, the current source circuit 
1 02a is shown by a circle and an arrow in the circle. It is defined that a positive current flows in a direction of the arrow. 
25 Also, it is defined that an electric potential of a terminal A is higher than that of a terminal B. Then, a detail structure 
of the current source circuit 102a will be described by use of Fig.2B. The current source circuit 102a has a current 
source transistor 1 1 2 and a current source capacitor 1 11 ! In addition, it is possible to omit the current source capacitor 

111 by use of a gate capacitance of the current source transistor 112, etc.. The gate capacitance is assumed to be a 
capacitance which is formed between a gate and a channel forming region of a transistor. A drain current of the current 

30 source transistor 112 becomes an output current of the current source circuit 102a. The current source capacitor 111 
holds a gate electric potential of the current source transistor 112. 

[0067] One of a source terminal and a drain terminal of the current source transistor 11 2 is electrically connected to 
a terminal A, and other is electrically connected to a terminal B. Also, a gate electrode of the current source transistor 

112 is electrically connected to one electrode of the current source capacitor 111 . The other electrode of the current 
35 source capacitor 111 is electrically connected to a terminal A' . In addition, the current source transistor 112 which 

configures the current source circuit 102a may be either of N channel type or of P channel type. 
[0068] In case that a P channel type transistor is used as the current source transistor 112, its source terminal is 
electrically connected to the terminal A, and its drain terminal is electrically connected to the terminal B. Also, in order 
to hold a voltage between the gate and the source of the current source transistor 1 12, it is desirable that the terminal 
40 A' is electrically connected to the source terminal of the current source transistor 112. Thus, it is desirable that the 
terminal A' is electrically connected to the terminal A. 

[0069] On the other hand, in case that an N channel type transistor is used as the current source transistor 112, the 
drain terminal of the current source terminal 1 12 is electrically connected to the terminal A, and the source terminal is 
electrically connected to the terminal B. Also, in order to hold the voltage between the gate and the source of the current 

45 source transistor 112, it is desirable that the terminal A' is electrically connected to the source terminal of the current 
source transistor 112. Thus, it is desirable that the terminal A' is electrically connected to the terminal B. 
[0070] In addition, both in case that the P channel type transistor is used as the current source transistor 112 and in 
case that the N channel type transistor is used as the same, it is fine if the terminal A' is connected so that the electric 
potential of the gate electrode of the current source transistor 1 1 2 can be held. Thus, it may be fine even if the terminal 

so a* is connected to a wiring which is held at a constant electric potential at least during a predetermined period. The 
predetermined period here means a period in which the current source circuit outputs a current, and a period in which 
the control current defining the current which is outputted by the current source circuit is inputted to the current source 
circuit. 

[0071] In addition, in the embodiment 1 , a case that the P channel type transistor is used as the current source 
55 transistor 112 will be described. 

[0072] Subsequently, the switch part 101a will be described by use of Fig.2A. The switch part 101a has a terminal 
C and a terminal D. The conductive state or the non conductive state between the terminal C and the terminal D is 
selected by the digital video signal. By selecting the conductive state or the non conductive state between the terminal 



9 



* ... • • 

I I "■- } 

EP 1 363 264 A2 

C and the terminal D by the digital video signal, the current flowing through the light emitting element 106 is made to 
be changed. Here, to turn ON the switch part 101a means to select the conductive state between the terminal C and 
the terminal D. To turn OFF the switch part 1 01 a means to select the non conductive state between the terminal C and 
the terminal D. Then, a detail structure of the switch part 1 01 a will be described by use of Fig.2C. The switch part 1 01a 

5 has a first switch 1 81 , a second switch 1 82 and a holding unit 1 83. 

[0073] In Fig.2C t the first switch 181 has a control terminal r, a terminal e, and a terminal f. In the first switch 181 , 
by a signal which is inputted to the control terminal r, the conductive state or the non conductive state between the 
terminal e and the terminal f is selected. Here, a case that the terminal e and the terminal f are turned in the conductive 
state is called as that the first switch 181 is turned ON. Also, a case that the terminal e and the terminal f are turned 

10 in the non conductive state is called as that the first switch 1 81 is turned OFF. The same is applied to the second switch 
182. 

[0074] The first switch 181 controls an input of the digital video signal to the pixel, in short, by inputting a signal from 
the scanning line Ga to the control terminal r of the first switch 1 81 , ON or OFF of the first switch 181 is selected. 
[0075] When the first switch 181 is turned ON , the digital video signal is inputted from a video signal input line Sa to 

15 the pixel. The digital video signal inputted to the pixel is held in the holding unit 183. In addition, it is possible to omit 
the holding unit 183 by utilizing a gate capacitance etc. of a transistor which configures the second switch 182. Also, 
the digital video signal inputted to the pixel is inputted to the control terminal r of the second switch 1 82. In this manner, 
ON or OFF of the second switch 182 is selected. When the second switch 182 is turned ON, the terminal C and the 
terminal D are turned in the conductive state, and a current is supplied from the current source circuit 1 02a to the light 

20 emitting element 1 06. Even after the first switch 1 81 is turned OFF, the digital video signal continues to be held in the 
holding unit 183, and the ON state of the second switch 182 is held. 

[0076] Then, a structure of the light emitting element 1 06 will be described. The light emitting element 1 06 has two 
electrodes (anode and cathode). The light emitting element 106 emits light with luminance corresponding to a current 
flowing between the two electrodes. Out of the two electrodes of the light emitting element 106, one is electrically 
25 connected to a power supply reference line (not shown). An electrode to which an electric potential Vcom is given by 
the power supply reference line is called as a counter electrode 106b, and the other electrode is called as a pixel 
electrode 106a. 

[0077] As the light emitting element, an EL element which utilizes electroluminescence has been attracting much 
attention. The EL element is of a structure having an anode, a cathode, and an EL layer sandwiched between the 
30 anode and the cathode. By applying a voltage between the anode and the cathode, the EL element emits light. The 
EL layer may include an organic material, or may include an inorganic material. Also, it may be formed by both of the 
organic material and the inorganic material. Also, it is assumed that the EL element includes one or both of an element 
utilizing light emission (fluorescence) from a singlet exciton and an element utilizing light emission (phosphorescence) 
from a triplet exciton. 

35 [0078] Subsequently, a connecting relation of structural components of the pixel will be described by use of Fig.2A. 
Again, the PAIR of the switch part 1 01 a and the current source circuit 1 02a will be referred. The terminal A is electrically 
connected to the power supply line W, and the terminal B is electrically connected to the terminal C, and the terminal 
D is electrically connected to the pixel electrode 106a of the light emitting element 106. Through the light emitting 
element, a current flows in a direction from the pixel electrode 1 06a to the counter electrode 1 06b. The pixel electrode 

40 1 06a is the anode, and the counter electrode 1 06b is the cathode. An electric potential of the power supply line W is 
set to be higher than the electric potential Vcom. 

[0079] In addition, the connecting relation of the structural components of the pixel is not limited to the structure 
shown in Fig.2A. It is fine if the switch part 101a and the current source circuit 102a are serially connected. Also, it is 
fine even if it is configured that the anode and the cathode of the light emitting element 106 are reversed. In short, it 

45 is fine even if it is configured that the pixel electrode 106a becomes the cathode and the counter electrode 106b 
becomes the anode. In addition, since it was defined that the positive current flows from the terminal A to the terminal 
B, in such the structure that the pixel electrode 106a is the cathode and the counter electrode 106b is the anode, 
realized is such a structure that the terminal A is counterchanged with the terminal B. That is, realized is such a structure 
that the terminal A is electrically connected to the terminal C of the switch part 1 01 a and the terminal B is electrically 

so connected to the power supply line W, An electric potential of the power supply line W is set to be lower than the electric 
potential Vcom. 

[0080] In addition, in this embodiment, two PAIRs are disposed in each pixel. A structure of each pair is as described 
above, but there is a necessity of considering the following point as to a connection of these PAIRs. It is a point that 
summation of currents supplied from the respective current source circuits of the current source circuit 102a and the 
55 current source circuit 1 02b is made to be inputted to the light emitting element, in short, a point that the two PAIRS are 
connected in parallel and further serially connected to the light emitting element. In addition, it is desirable that a 
direction of current flow of the current source circuit 1 02a is the same as a direction of current flow of the current source 
circuit 102b. In short, it is desirable that added value of a positive current flowing through the current source circuit 
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102a and a positive current flowing through the current source circuit 102b flows through the light emitting element. 
By this configuration, it is possible to carry out the same operation as that of a conversion from a digital signal to an 
analog signal in the pixel. 

[0081] Then, an outline of the operation of the pixel will be described. The conductive state or the non conductive 
5 state between the terminal C and the terminal D is selected by the digital video signal. The current source circuit is set 
to have a constant current flowed. A current supplied from the current source circuit is inputted to the light emitting 
elementthrough the switch part in which the terminal C and the terminal D are turned in the conductive state. In addition, 
one digital video signal controls one switch part. Accordingly, since a plurality of PAIRS have a plurality of switch parts, 
a plurality of the switch parts are controlled by the corresponding digital video signals. A value of the current flowing 
10 through the light emitting element differs depending upon which switch part out of a plurality of the switch parts is turned 
ON. In this manner, by changing the current flowing through the light emitting element, gray scale is expressed and 
the image display is carried out. 

[0082] Subsequently, the above-described operation of the pixel will be described in more detail. In the description, 
the PAIR of the switch part 101a and the current source circuit 102a is picked up as an example, and its operation will 
15 be described. 

[0083] Firstly, an operation of the switch part 1 01 a will be described. To the switch part 101 a, a row selection signal 
is inputted from the scanning line Ga. A row selection signal is a signal for controlling a timing when the digital video 
signal is inputted to the pixel. Also, when the scanning line Ga is selected, the digital video signal is inputted to the 
pixel from the video signal input line Sa. In short, through the first switch 1 81 which is turned in the ON state, the digital 
20 video signal is inputted to the second switch 1 82. The ON state or the OFF state of the second switch 1 82 is selected 
by the digital video signal. Also, since the digital video signal is held in the holding unit 1 83, the ON state or the OFF 
state of the second switch 1 82 is held. 

[0084] Then, an operation of the current source circuit 102a will be described. In particular, the operation of the 
current source circuit 102a on the occasion that the control signal is inputted will be described. By the control signal, 

25 a drain current of the current source transistor 1 1 2 is determined. A gate voltage of the current source transistor 112 
is held by the current source capacitor 1 1 1 . The current source transistor 1 1 2 operates in the saturation region. A drain 
current of a transistor which operates in the saturation region is maintained to be constant even if a voltage between 
a drain and a source is changed, provided that a gate voltage is the same. Accordingly, the current source transistor 
112 outputs a constant current. In this manner, the current source circuit 102a has a constant current determined by 

30 the control signal flowed. A constant output current of the current source circuit 1 02a is inputted to the light emitting 
element. After the setting operation of the pixel is once carried out, the setting operation of the pixel is repeated in 
response to discharge of the current source capacitor 111 . 

[0085] An operation of each PAIR is as described above. In addition, in the display device of the invention, the digital 
video signal inputted to the switch part of each PAIR included in the pixel may be either the same or different. Also, 
35 the control signal inputted to the current source circuit of each PAIR may be the same, or may be different. 

(Embodiment 2) 

[0086] This embodiment shows a concrete structural example of the switch part of each PAIR included in a pixel in 
40 the display device of the invention. Also, an operation of the pixel which has the switch part will be described. 

[0087] A structural example of the switch part is shown in Fig.3. A switch part 1 01 has a switching transistor 301 , a 
driving transistor 302, a deleting transistor 304, and a holding capacitor 303. In addition, it is possible to omit the holding 
capacitor 303 by using a gate capacitance etc. of the driving transistor 302. A transistor which configures the switch 
part 101 may be a single crystalline transistor, or a polycrystalline transistor, or an amorphous transistor. Also, it may 
45 be a SOI transistor. It may be a bipolar transistor. It may be a transistor using an organic material, for example, a carbon 
nanotube. 

[0088] A gate electrode of the switching transistor 301 is connected to a scanning line G. One of a source terminal 
and a drain terminal of the switching transistor 301 is connected to a video signal input line S, and the other is connected 
to a gate electrode of the driving transistor 302. One of a source terminal and a drain terminal of the driving transistor 

so 302 is connected to the terminal C. The other is connected to the terminal D. One electrode of the holding capacitor 
303 is connected to the gate electrode of the driving transistor 302, and the other electrode is connected to a wiring 
W^. In addition, it is fine if the holding capacitor 303 can keep a gate electric potential of the driving transistor 302. 
Thus, an electrode which is connected to the wiring out of the electrodes of the holding capacitor 303 in Fig.3 may 
be connected to other wiring in which a voltage is constant for at least a certain period than the wiring W^. A gate 

55 electrode of the deleting transistor 304 is connected to a deleting signal line RG. One of a source terminal and a drain 
terminal of the deleting transistor 304 is connected to the gate electrode of the driving transistor 302, and the other is 
connected to the wiring W M . In addition, since it is fine if the driving transistor 302 is turned OFF by having the deleting 
transistor 304 turned ON, there is no problem when connected to another than the wiring W co . 
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[0089] Then, a basic operation of this switch part 101 will be described with reference to Fig.3. When the switching 
transistor 301 is turned in the ON state by the row selection signal inputted to the scanning line G in a state that the 
deleting transistor 304 is not conductive, the digital video signal is inputted from the video signal input line S to the 
gate electrode of the driving transistor 302. The voltage of the inputted digital video signal is held in the capacitance 

5 303. By the inputted digital video signal, the ON state or the OFF state of the driving transistor 302 is selected, and 
the conductive state or the non conductive state between the terminal C and the terminal D of the switch part 101 is 
selected. Next, when the deleting transistor 304 is turned ON, electric charges held in the holding capacitor 303 are 
discharged, and the driving transistor 302 is turned in the OFF state, and the terminal C and the terminal D of the 
switch part 101 are turned in the non conductive state. In addition, in the above-described operation, the switching 

10 transistor 301 , the driving transistor 302 and the deleting transistor 304 work justs as switches. Thus, these transistors 
operate in the linear region in their ON states. 

[0090] In addition, the driving transistor 302 may be operated in the saturation region. By operating the driving tran- 
sistor 302 in the saturation region, it is possible to compensate a saturation region characteristic of the current source 
transistor 112. Here, the saturation region characteristic is assumed to indicate a characteristic in which a drain current 
15 is maintained to be constant voltage between a source and a drain. Also, to compensate the saturation region char- 
acteristic means to suppress increase of the drain current as the voltage between the source and the drain increases 
also in the current source transistor 112 which operates in the saturation region. In addition, in order to obtain the 
above-described advantages, the driving transistor 302 and the current source transistor 112 have to be of the same 
polarity. 

20 [0091] The above-described advantages for compensating the saturation region characteristic will be hereinafter 
described. For example, a case that the voltage between the source and the drain of the current source transistor 1 1 2 
increases will be watched. The current source transistor 112 and the driving transistor 302 are serially connected. 
Thus, by change of the voltage between the source and the drain of the current source transistor 112, an electric 
potential of the source terminal of the driving transistor 302 changes. When the voltage between the source and the 

25 drain of the current source transistor 1 1 2 increases, an absolute value of the voltage between the source and the drain 
of the driving transistor 302 gets smaller. Then, the l-V curve of the driving transistor 302 changes. A direction of this 
change is such a direction that the drain current decreases. In this case, the drain current of the current source transistor 
1 1 2 which is serially connected to the driving transistor 302 is reduced. In the same manner, when the voltage between 
the source and the drain of the current source transistor decreases, the drain current of the current source transistor 

30 increases. By this means, it is possible to obtain the advantage that a current flowing through the current source 
transistor is maintained to be constant. 

[0092] In addition, although watching one PAIR of the switch part, its basic operation was described, the same is 
true on an operation of other switch part. In case that each pixel has a plurality of PAIRS, scanning lines and video 
signal input lines are disposed depending on respective PAIRS. 

35 [0093] Next, a technique of gray scale display will be described. In the display device of the invention, expression 
of gray scale is carried out by ON -OFF control of the switch part. For example, by setting a ratio of magnitude of the 
currents to be outputted by a plurality of the current source circuits included in each pixel at 2°:2 1 :2 2 :2 3 :..., it is possible 
to provide the pixels with a role of D/A conversion, and it becomes possible to express multiple gray scale! Here, when 
enough number of the PAIRS of the switch part and the current source circuit is provided in one pixel, it is possible to 

40 sufficiently express the gray scale by only control by them, in that case, since there is no necessity to operate combined 
with the time gray scale system to be described later, it is not needed to dispose the deleting transistor in each switch 
part. 

[0094] Then, combining the above-described gray scale display technique with the time gray scale system, a tech- 
nique for displaying furhter multiple gray scale will be described by use of Figs.3 and 4. 

45 [0095] As shown in Fig.4, one frame period F 1 is divided into a first sub frame periods SF 1 to an n-th sub frame 
period SF n . In each sub frame period, the scanning line G of each pixel is selected in sequence. In the pixel corre- 
sponding to the selected scanning line G, the digital video signal is inputted from the video signal input line S. Here, 
a period in which the digital video signals are inputted to all pixels included in the display device is represented as an 
address period Ta. In particular, an address period which corresponds to a k-th (k is a natural number equal to or less 

so than n) sub frame period is represented as Ta k , By the digital video signal inputted in the address period, each pixel 
is turned in the light emission state or the non light emission state. This period is represented as a display period Ts. 
In particular, a display period which corresponds to the k-th sub frame period is represented as Ts k . In Fig.4, in each 
of the first sub frame period SF 1 to the (k-1 )-th sub frame period SF k . t , the address period and the display period are 
provided. 

55 [0096] Since it is impossible to select the scanning lines G of different pixel rows simultaneously and to input the 
digital video signal thereto, it is impossible to geminate the address periods, then, by using the following technique, 
it becomes possible to make the display period shorter than the address period without geminating the address periods. 
[0097] After the digital video signal is written into each pixel and a predetermined display period passes off, the 
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deleting signal lines RG are selected in sequence. A signal for selecting the deleting signal line is called as a deleting 
signal. When the deleting transistor 304 is turned ON by the deleting signal, it is possible to have the pixel rows turned 
in the non light emission state in sequence. By this means, all deleting signal lines RG are selected, and a period up 
to time when all pixels are turned in the non light emission state is represented as a reset period Tr. In particular, a 
reset period which corresponds to the k-th sub frame period is represented as Tr k . Also, a period in which the pixels 
are uniformly turned in non light emission after the reset period Tr is represented as a non display period Tus. In 
particular, the non display period which corresponds to the k-th sub frame period is represented as Tus k . By providing 
the reset period and the non display period, it is possible to have the pixel turned in the non light emission state before 
a next sub frame period starts. By this means, it is possible to set the display period which is shorter than the address 
period. In Fig.4, in sub frame periods from the k-th sub frame period SF k to the n-th sub frame period SF n , the reset 
period and the non display period are disposed, and the display periods Ts k to Ts n which are shorter than the address 
periods are set. Here, a length of the display period of each sub frame period can be determined properly. 
[0098] By this means, the length of the display period in each sub frame period which configures one frame period 
is set. In this manner, the display device of the invention can realize the multiple gray scale by the combination with 
the time gray scale system. 

[0099] Then , as compared to the switch part shown in Fig.3, a structure which way of allocating the deleting transistor 
304 is different, and a structure which is not provided with the deleting transistor 304 will be described. The same 
reference numerals and signs are given to the same portion as in Fig.3, and the description thereof will be omitted. 
[0100] Fig.SA shows one example of the switch part. In Fig.5A, it is designed such that the deleting transistor 304 
is serially placed on a path through which a current is inputted to the light emitting element, and by turning OFF the 
deleting transistor 304, the current is prevented from flowing through the light emitting element. In addition, if the 
deleting transistor 304 is serially placed on the path through which the current is inputted to the light emitting element, 
the deleting transistor 304 may be placed anywhere. By turning the deleting transistor in the OFF state, it is possible 
to have the pixels turned uniformly in the non light emission state. By this means, it is possible to set the reset period 
and the non display period. In addition, in case of the switch part of the structure shown in Fig.5A, without disposing 
the deleting transistors 304 to respective switch parts of a plurality of the PAIRS included in the pixel, it is possible to 
dispose them in one part. By this means, it is possible to suppress the number of transistors in the pixel. Fig.35 shows 
a structure of the pixel in case that the deleting transistor 304 is shared by a plurality of the PAIRs. In addition, here, 
an example of the pixel which has two pairs will be described but the invention is not limited to this. In Fig.35, the same 
reference numerals and signs are given to the same portions as in Figs.2A and 3. In addition, a portion which corre- 
sponds to the switch portion 101a is represented by adding "a" after the reference numerals of Fig.3. Also, a portion 
which corresponds to the switch portion 101b is represented by adding u b M after the reference numerals of Fig.3. In 
Fig.35, by turning OFF the deleting transistor 304, it is possible to simultaneously shut off both of the currents which 
are outputted from the current source circuit 1 02a and the current source circuit 1 02b. 

[0101] In addition, the deleting transistor 304 shared by a plurality of the switch parts may be placed on a path for 
connecting the power supply line W and the current source circuits 102a and 102b. In short, the power supply line W 
and the current source circuits 102a and 102b may be connected through the deleting transistor 304 shared with a 
plurality of the switch parts. The deleting transistor 304 shared by a plurality of the switch . parts may be disposed 
anywhere, if it is a position where both of the currents which are outputted from the current source circuit 102a and 
the current source circuit 102b are simultaneously shut off. For example, the deleting transistor 304 may be placed at 
a portion of a path X in Fig.35. In short, it is fine if it is configured such that the power supply line W and the terminal 
A of the current source circuit 1 02a and the terminal A of the current source circuit 1 02b are connected by the deleting 
transistor 304. 

[0102] Fig.5B shows another structure of the switch part. Fig.5B shows a technique in which, through between the 
source and drain terminals of the deleting transistor 304, a predetermined voltage is applied to the gate electrode of 
the driving transistor 302 so that the driving transistor is turned in the OFF state. In this example, one of the source 
terminal and the drain terminal of the deleting transistor 304 is connected to the gate electrode of the driving transistor, 
and the other is connected to the wiring Wr. The electric potential of the wiring Wr is determined properly. By this means, 
it is designed that the driving transistor, to the gate electrode of which the electric potential of the wiring Wr is inputted 
through the deleting transistor, is turned in the OFF state. 

[0103] Also, in the structure shown in Fig.5B, instead of the deleting transistor 304, a diode may be used. This 
structure is shown in Fig.5C. The electric potential of the wiring Wr is changed. By this means, an electric potential of 
an electrode at the side which is not connected to the gate electrode of the driving transistor 302 out of the two electrodes 
-of a diode 3040, is changed. By this means, the gate voltage of the driving transistor is changed and it is possible to 
have the driving transistor turned in the OFF state. In addition, the diode 3040 may be replaced with a diode-connected 
(a gate electrode and a drain terminal thereof are electrically connected) transistor. On this occasion, the transistor 
may be an N-channel type transistor or a P-channel type transistor. 

[0104] In addition, in lieu of the wiring Wr, the scanning line G may be used. Fig.5D shows a structure where the 
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scanning line G is used in lieu of the wiring Wr shown in Fig. 5B. But, in this case, there is a necessity to pay attention 
to a polarity of the switching transistor 301 , taking the electric potential of the scanning line G into consideration, 
[0105] Then, a technique in which the reset period and the non display period are provided without providing the 
deleting transistor will be described. 

5 [0106] A first technique is a technique in which, by changing an electric potential of an electrode of the holding 
capacitor 303 at the side which is not connected to the gate electrode of the driving transistor 302, the driving transistor 
302 is turned in the non conductive state. This structure is shown in Fig.6A. The electrode of the holding capacitor 303 
at the side which is not connected to the gate electrode of the driving transistor 302 is connected to the wiring W^. By 
changing a signal of the wiring W^, the electric potential of one electrode of the holding capacitor 303 is changed. 

10 Then, since electric charges in the holding capacitor is stored, an electric potential of the other electrode of the holding 
capacitor 303 is also changed. By this means, by changing the electric potential of the gate electrode of the driving 
transistor 302, it is possible to have the driving transistor 302 turned in the OFF state. 

[0107] A second technique will be described. A period in which one scanning line G is selected is divided into a first 
half and a second half. It is characterized in that, in the first half (represented as a first half of a gate selection period), 

is the digital video signal is inputted to the video signal input line S, and in the second half (represented as a second half 
of a gate selection period), the deleting signal is inputted to the video signal input line S. The deleting signal in this 
technique is assumed to be a signal for having the driving transistor 302 turned in the OFF state, on the occasion of 
being inputted to the gate electrode of the driving transistor 302. By this means, it becomes possible to set the display 
period which is shorter than a writing period. Hereinafter, this second technique will be described in detail. 

20 [0108] Firstly, a structure of the entire display device on the occasion of using the above-described technique will 
be described. Fig.6B is used for the description. The display device has a pixel part 901 which has a plurality of pixels 
arranged in a matrix shape, a video signal input line driving circuit 902 which inputs a signal to the pixel part 901 , a 
first scanning line driving circuit 903A, a second scanning line driving circuit 903B, a switching circuit 904A and a 
switching circuit 904B. Each pixel included in the pixel part 901 has a plurality of the switch parts 101 and the current 

25 source circuits as shown in Fig.6A. Here, the first scanning line driving circuit 903A is assumed to be a circuit which 
outputs a signal to each scanning line G in the first half of the gate selection period. Also, the second scanning line 
driving circuit 903B is assumed to be a circuit which outputs a signal to each scanning line G in the second half of the 
gate selection period. By the switching circuit 904A and the switching circuit 904B, a connection of the first scanning 
line driving circuit 903A and the scanning line G of each pixel, or a connection of the second scanning line driving 

30 circuit 903B and the scanning line G of each pixel is selected. The video signal input line driving circuit 902 outputs 
. the video signal in the first half of the gate selection period. On the other hand, it outputs the deleting signalin the gate 
selection period second half. 

[01 09] Then , a driving method of the display device of the above-described structure will be described. A timing chart 
of Fig.6C is used for the description. In addition, the same reference numerals and signs are given to the same portions 

35 as Fig.4, and descriptions thereof will be omitted. In Fig.6C, a gate selection period 991 is divided into a first half of a 
gate selection period 991 A and a second half of a gate selection period 991 B. In 903A which is comparable to the 
writing period Ta, each scanning line is selected by the first scanning line driving circuit, and the digital video signals 
are inputted. In 903B which is comparable to the reset period Tr, each scanning line is selected by the second scanning 
line driving circuit, and the deleting signal is inputted. By this means, it is possible to set the display period Ts which 

40 js shorter than the address period Ta. 

[0110] In addition, in Fig.6C,although the deleting signal is inputted in the second half of the gate selection period, 
instead of it, the digital video signal in the next sub frame period may be inputted. 

[0111] A third technique will be described. The third technique is a technique in which, by changing an electric po- 
tential of the counter electrode of the light emitting element, a non display period is provided. In short, the display period 

45 js set in such a manner that the electric potential of the counter electrode has a predetermined electric potentials 
different form that of the power supply line. On the other hand, in the non display period, the electric potential of the 
counter electrode is set to be substantially the same as that of the power supply line. By this means, in the non display 
period, regardless of the digital video signal held in the pixel, it is possible to have the pixels turned uniformly in the 
non light emission state. In addition, in this technique, in the non display period, the digital video signal is inputted to 

so all pixels . That is, the address period is provided in the non display period. 

[0112] In the pixel having the switch parts of the above-described structure, each wiring can be shared. By this 
means, it is possible to simplify the structure of the pixel, and also to enlarge an aperture ratio of the pixel. Hereinafter, 
an example of sharing each wiring will be described. In the description, an example that in the structure in which the 
switch part having the structure shown in Fig.3 is applied to the pixel shown in Fig.2, the wiring is shared, is used. In 

55 addition, the following structure can be freely applied to a switch part having the structure shown in Fig.5 and Fig.6. 
[0113] Hereinafter, the sharing of the wiring will be described. Six examples of sharing the wiring will be cited. In 
addition, Fig.7 and Fig.8 are used for the description. In Fig.7 and Fig.8, the same reference numerals and signs are 
given to the same portions as in Fig.2 and Fig.3, and the descriptions thereof will be omitted. 
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[0114] Fig.7A shows an example of a structure of the pixel in which the wiring W^, is shared by a plurality of the 
switch parts. Fig.7B shows an example of a structure of the pixel in which the wiring W co and the power supply line W 
are common. Fig.7C shows an example of a structure of the pixel using the scanning line in other pixel row in lieu of 
the wiring W M . The structure of Fig.7C utilizes a fact that the electric potentials of the scanning lines Ga, Gb are 

5 maintained to be constant electric potential, during a period in which the writing of the video signal is not carried out. 
In Fig.7C, in lieu of the wiring W co , the scanning lines Ga M and Gb M in the one previous pixel row are used. But, in 
this case, there is a necessity to pay attention on the polarity of the switching transistor 301 , taking the electric potentials 
of the scanning lines Ga, Gb into consideration. Fig.8A shows an example of a structure of the pixel which shared a 
signal line RGa and a signal line RGb. This is because the first switch part and the second switch part may be turned 

w OFF at the same time. The shared signal lines are represented by RGa all together. Fig.8B shows an example of a 
structure of the pixel in which the scanning line Ga and the scanning line Gb are common. This structure is due to the 
fact that both the first switch part and the second switch part may be OFF simultaneously. The common scanning line 
are represented by Ga. Fig.8C shows an example of a structure of the pixel in which the video signal input line Sa and 
the video signal input line Sb are common. The common video signal input line is represented by Sa. 

15 [0115] It is possible to combine Figs.7A to 7C with Figs.8A to 8C. In addition, the invention is not limited to this, and 
the wirings which configure the pixel can be properly common. Also, wirings between the pixels can be properly com- 
mon. 

[0116] In addition, it is possible to freely combine this embodiment with the embodiment 1 to be carried out. 
20 (Embodiment 3) 

[0117] In this embodiment, a structure and an operation of the current source circuit included in each pixel of the 
display device of the invention will be described in detail. 

[0118] The current source circuit of one PAIR out of a plurality of PAIRS included in each pixel will be watched, and 
25 a structure thereof will be described in detail. In this embodiment, although five structural examples of the current 

source circuit will be cited, another structural example may be fine if it is a circuit which operates as a current source. 

In addition, a transistor which configures the current source circuit may be a single crystalline transistor, a polycrystalline 

transistor, or an amorphous transistor. Also, it may be a SOI transistor. It may be a bi-polar transistor. It may be a 

transistor using an organic material, for example, a carbon nanotube. 
30 [01 19] Firstly, a current source circuit of a first structure will be described by use of Fig.9A. In addition, in Fig.9A, the 

same reference numerals and signs are given to the same portions as in Fig.2. 

[0120] The current source circuit of the first structure shown in Fig.9A has the current source transistor 112, and a 
current transistor 1405 which is paired with the current source transistor 112 to configures a current mirror circuit. It 
has a current input transistor 1403, which functions as switch, and a current holding transistor 1404. Here, the current 

35 source transistor 112, the current transistor 1405, the current input transistor 1403, and the current holding transistor 
1 404 may be of the P-channel type or of the N-channel type. However, it is desirable that polarities of the current source 
transistor 112 and the current transistor 1405 are the same. Here, shown an example in which the current source 
transistor 112 and the current transistor 1405 are P-channel type transistors. Also, it is desirable that current charac- 
teristics of the current source transistor 112 and the current transistor 1405 are the same. It has the current source 

40 capacitor 111 which holds the gate voltages of the current source transistor 112 and the current transistor 1405. In 
addition, by positively using a gate capacitance etc. of a transistor, it is possible to omit the current source capacitor 
111 . Further, it has a signal line GN which inputs a signal to a gate electrode of the current input transistor 1403 and 
a signal line GH which inputs a signal to a gate electrode of the current holding transistor 1404. Also, it has a current 
line CL to which the control signal is inputted. 

45 [0121] A connecting relation of these structural components will be described. The gate electrodes of the current 
source transistor 1 1 2 and the current transistor 1 405 are connected. The source terminal of the current source transistor 
1 1 2 is connected to the terminal A and the drain terminal is connected to the terminal B. One electrode of the current 
source capacitor 111 is connected to the gate electrode of the current source transistor 112, and the other electrode 
is connected to the terminal A. A source terminal of the current transistor 1 405 is connected to the terminal A, and a 

so drain terminal is connected to the current line CL through the current input transistor 1403. Also, a gate electrode and 
a drain terminal of the current transistor 1405 are connected through the current holding transistor 1404. A source 
terminal or a drain terminal of the current holding transistor 1404 is connected to the current source capacitor 111 and 
the drain terminal of the current transistor 1405. However, it may be configured that a side which is one of the source 
terminal and the drain terminal of the current holding transistor 1 404 and is not connected to the current source capacitor 

55 111 is connected to the current line CL. This structure is shown in Fig.36. In addition, in Fig.36, the same reference 
numerals and signs are given to the same portions as in Fig.9A. With this structure, by adjusting an electric potential 
of the current line CL when the current holding transistor 1404 is in the OFF state, it is possible to lessen the voltage 
between the source and drain terminals of the current holding transistor 1404. As a result, it is possible to lessen an 
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OFF current of the current holding transistor 1 404. By this means, it is possible to lessen a leakage of an electric charge 
from the current source capacitor 111 . 

[0122] Also, an example in case that the current source transistor 112 and the current transistor 1405 are set to be 
N-channel type transistors in the structure of the current source circuit shown in Fig.9A is shown in Fig.33A. In addition, 

5 in contrast to the current source circuit of the structure shown in Fig.9A, in the current source circuit of the structure 
shown in Fig.33A, there is a necessity to dispose transistors 1441 and 1442, in order to prevent the current flowing 
between the current line CL and the terminal A through the source and the drain of the current transistor 1 405 on the 
occasion of the setting operation of the current source circuit 102 from flowing between the source and the drain of 
the current source transistor 112 and through the terminal B. Also, there is a necessity to dispose a transistor 1443, in 

w order to prevent a current from flowing between the source and the drain of the current transistor 1 405 on the occasion 
that a constant current is made to flow between the terminal A and the terminal B in the display operation. By this 
means, the current source circuit 102 can output a current of a predetermined current value accurately. 
[0123] Also, in the circuit of the structure shown in Fig.9A, it is possible to configure the circuit structure as shown 
in Fig.9B, by changing a location of the current holding transistor 1404. In Fig.9B, the gate electrode of the current 

15 transistor 1 405 and one electrode of the current source capacitor 111 are connected through the current holding tran- 
sistor 1404. In this moment, the gate electrode and the drain terminal of the current transistor 1405 are connected by 
wiring. 

[01 24] Then, the setting operation of the current source circuit of the above-described first structure will be described. 
In addition, the setting operation in Fig.9A is the same as that in Fig.9B. Here, the circuit shown in Fig.9A is picked up 

20 as an example, and its setting operation will be described. Figs.9C to 9F are used for the description. In the current 
source circuit of the first structure, the setting operation is carried out by going through states of Figs.9C to 9F in 
sequence. In the description, for the purpose of simplicity, the current input transistor 1403 and the current holding 
transistor 1404 are represented as switches. Here, shown is a case that a control signal for setting the current source 
circuit 1 02 is the control current. Also, in the figure, a path through which a current flows is shown by a heavy-line arrow. 

25 [0125] In a period TD1 shown in F!g.9C, the current input transistor 1403 and the current holding transistor 1404 are 
turned in the ON state. In this stage, the voltage between the source and the gate of the current transistor 1405 is 
small, and the current transistor 1405 is OFF, and therefore, a current flows from the current line CL through the path 
shown and electric charges are held in the current source capacitor 111 . 

[0126] In a period TD2 shown in Fig.9D, by the electric charges held in the current source capacitor 111, the voltage 
30 between the gate and the source of the current transistor 1 405 becomes more than a threshold voltage. Then, a current 
flows through between the source and the drain of the current transistor 1405. 

[0127] When sufficient time passes and a steady state is realized, as in a period TD3 shown in Fig.9E, a current 
flowing between the source and the drain of the current transistor 1405 becomes the control current. By this means, 
the gate voltage on the occasion that the drain current is set at the control current is held in the current source capacitor 

35 111. 

[0128] In a period TD4 shown in Fig.9F, the current holding transistor 1404 and the current input transistor 1403 are 
turned OFF. By this means, the control current is prevented from flowing through the pixel. In addition, it is desirable 
that a timing that the current holding transistor 1404 is turned OFF, as compared to a timing that the current input 
transistor 1403 is turned OFF, is earlier or simultaneous. This is because of preventing the electric charges held in the 
40 current source capacitor 111 from being discharged. After the period TD4, when a voltage is applied between the 
source and drain terminals of the current source transistor 1 1 2, the drain current corresponding to the control current 
flows. In short, when a voltage is applied between the terminal A and the terminal B, the current source circuit 102 
outputs a current which corresponds to the control current. 

[0129] Here, a ratio W1/L1 of a channel width and a channel length of the current source transistor 112 may be 
45 changed relative to a ratio W2/L2 of a channel width and a channel length of the current transistor 1405. By this means, 
it is possible to change a current value of a current that the current source circuit 102 outputs, relative to the control 
current which is inputted to the pixel. For example, each transistor is designed in such a manner that the control current 
to be inputted to the pixel becomes larger than the current that the current source circuit 1 02 outputs. By this means, 
by use of the control current of large current value, the setting operation of the current source circuit 1 02 is carried out. 
50 As a result, it is possible to speed up the setting operation of the current source circuit. Also, it is effective for reduction 
of influence of noise. 

[0130] By this means, the current source circuit 102 outputs a predetermined current. 

[0131] In addition, in the current source circuit of the above-described structure, in case that a signal is inputted to 
-the signal line GH and the current holding transistor is in the ON state, the current line CL has to be set in such a 
55 manner that a constant current always flow through it. This is because, in a period in which a current is not inputted to 
the current line CL, when both of the current holding transistor 1404 and the current input transistor 1403 are turned 
in the ON state, the electric charges held in the current source capacitor 111 are discharged. On that account, in case 
that a constant current is selectively inputted to a plurality of the current lines CL corresponding to all pixels and the 
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setting operation of the pixel is carried out, in short, in case that the constant current is not always inputted to the 
current line CL, the current source circuit of the following structure will be used. 

[0132] In the current source circuit shown in Fig.9A and Fig.9B, added is a switching element for selecting a con- 
nection of the gate electrode and the drain terminal of the current source transistor 112. ON or OFF of this switching 

5 element is selected by a signal which is different from a signal to be inputted to the signal line GH. Fig.33B shows one 
example of the above-described structure. In Fig.33B, a point sequential transistor 1443 and a point sequential line 
CLP are disposed. By this means, an arbitrary pixel is selected one by one, and a constant current is made to be 
inputted at least to the current line CL of the selected pixel, and thereby, the setting operation of the pixel is carried out. 
[0133] Each signal lineof the current source circuit of the first structure can be common. For example, in the structure 

10 shown in Fig.9A, Fig.9B and Fig.33, there is no problem in operation if the current input transistor 1 403 and the current 
holding transistor 1404 are switched to be ON or OFF at the same timing. On that account, polarities of the current 
input transistor 1403 and the current holding transistor 1404 are made to be the same, and the signal line GH and the 
signal line GN can be common. 

[0134] Then, a current source circuit of a second structure will be described. In addition, Fig.10 is referred for the 
is description. In Fig.10A, the same reference numerals and signs are given to the same portions as in Fig.2. 

[0135] Structural components of the current source circuit of the second structure will be described. The current 
source circuit of the second structure has the current source transistor 112. Also, it has a current input transistor 203 
and a current holding transistor 204, and a current stop transistor 205 which function as switches. Here, the current 
source transistor 1 1 2, the current input transistor 203, the current holding transistor 204, and the current stop transistor 
20 205 may be of the P-channel type or of the N-channei type. Here is shown an example that the current source transistor 
1 12 is a P channel type transistor. Further, it has the current source capacitor 111 for holding the gate electrode of the 
current source transistor 112. In addition, by positively using a gate capacitance etc. of a transistor, it is possible to 
omit the current source capacitor 111 . Further, it has a signal line GS which inputs a signal to a gate electrode of the 
current stop transistor 205 and a signal line GH which inputs a signal to a gate electrode of the current holding transistor 
25 204 and a signal line GN which inputs a signal to the gate electrode of the.current input transistor 203. Also, it has a 
current line CL to which the control signal is inputted. 

[0136] A connecting relation of these structural components will be described. The gate electrodes of the current 
source transistor 112 is connected to one of the electrodes of the current source capacitor 111 . The other electrode of 
the current source capacitor 111 is connected to the terminal A. The source terminal of the current source transistor 
30 1 1 2 is connected to the terminal A. The drain terminal of the current source transistor 1 1 2 is connected to the terminal 
B through the current stop transistor 205, and also, connected to the current line CL through the current input transistor 
203. The gate electrode and the drain terminal of the current source transistor 112 are connected through the current 
holding transistor 204. 

[01 37] In addition , in the structure shown in Fig. 1 0A, the source terminal or the drain terminal of the current holding 
35 transistor 204 is connected to the current source capacitor 111 and the drain terminal of the current source transistor 
1 1 2. However, it may be configured that a side of the current holding transistor 204 which is not connected to the current 
source capacitor 11 1 is connected to the current line CL. The above -described structure is shown in Fig.34A. With this 
structure, by adjusting an electric potential of the current line CL when the current holding transistor 204 is in the OFF 
state, it is possible to lessen the voltage between the source and drain terminals of the current holding transistor 204. 
40 As a result, it is possible to lessen the OFF current of the current holding transistor 204. By this means, it is possible 
to lessen the leakage of the electric charges from the current source capacitor 111. 

[0138] Then, the setting operation of the current source circuit of the second structure shown in Fig. 1 0A will be 
described. Figs. 1 0B to 1 0E are used for the description. In the current source circuit of the second structure, the setting 
operation is carried out by going through states of Figs.1 0B to 1 0E in sequence. In the description, for the purpose of 

45 simplicity, the current input transistor 203, the current holding transistor 204 and the current stop transistor 205 are 
represented as switches. Here, shown is a case that a control signal for setting the current source circuit 102 is the 
control current. Also, in the figure, a path through which a current flows is shown by a heavy-line arrow. 
[0139] In a period TD1 shown in Fig.10B, the current input transistor 203 and the current holding transistor 204 are 
turned in the ON state. Also, the current stop transistor 205 is in the OFF state. By this means, a current flows from 

so the current line CL through the path shown and electric charges are held in the current source capacitor 111 . 

[0140] In a period TD2 shown in Fig.10C, by the electric charges held, the voltage between the gate and the source 
of the current source transistor 11 2 becomes more than a threshold voltage. Then, the drain current flows through the 
current source transistor 112. 

[0141] When sufficient time passes and a steady state is realized, as in a period TD3 shown in Fig.10D, the dram 
55 current of the current source transistor 11 2 is determined as the control current. By this means, the gate voltage of the 
current source transistor 112 on the occasion that the drain current is set at the control current is held in the current 
source capacitor 111 . 

[0142] In a period TD4 shown in Fig.10E, the current input transistor 203 and the current holding transistor 204 are 
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turned in the OFF state. By this means, the control current is prevented from flowing through the pixel. In addition, it 
is desirable that a timing that the current holding transistor 204 is turned OFF, as compared to a timing that the current 
input transistor 203 is turned OFF, is earlier or simultaneous. This is because of preventing the electric charges held 
in the current source capacitor 1 1 1 from being discharged. Furthermore, the current stop transistor 205 is turned in the 

5 ON state. After the period TD4, when a voltage is applied between the source and drain terminals of the current source 
transistor 112, the drain current corresponding to the control current flows. In short, when a voltage is applied between 
the terminal A and the terminal B, the current source circuit 102 has the drain current corresponding to the control 
circuit flowed. By this means, the current source circuit 102 outputs a predetermined current. 
[0143] In addition, the current stop transistor 205 is not indispensable. For example, in case that the setting operation, 

10 is carried out only when at least one of the terminal A and the terminal B is in an opened state, the current stop transistor 
205 is not necessary. Concretely, in the current source circuit which carries out the setting operation only in case that 
the switch part making the pair is in the OFF state, the current stop transistor 205 is not necessary. 
[0144] Also, in the current source circuit of the above-described structure, in case that a signal is inputted to the 
signal line GH and the current holding transistor 204 is in the ON state, the current line CL has to be set in such a 

15 manner that a constant current always flows through it. This is because, in a period in which a current is not inputted 
to the current line CL, when both of the current holding transistor 204 and the current input transistor 203 are turned 
in the ON state, the electric charges held in the current source capacitor 11 1 are discharged. On that account, in case 
that a constantcurrent is selectively inputted to a plurality of the current lines CL corresponding to all pixels and the 
setting operation of the pixel is carried out, in short, in case that the constant current is not always inputted to the 

20 current line CL, the current source circuit of the following structure will be used. 

[0145] Added is a switching element for selecting a connection of the gate electrode and the drain terminal of the 
current source transistor 112. ON or OFF of this switching element is selected by a signal which is different from a 
signal to be inputted to the signal line GH. Fig.34B shows one example of the above-described structure. In Fig.34B, 
a point sequential transistor 245 and a point sequential line CLP are disposed. By this means, an arbitrary pixel is 

25 selected one by one, and a constant current is made to be inputted at least to the current line CL of the selected pixel, 
and thereby, the setting operation of the pixel is carried out. 

[0146] Each signal line of the current source circuit of the second structure can be shared. For example, there is no 
problem in operation if the current input transistor 203 and the current holding transistor 204 are switched to be ON or 
OFF at the same timing. On that account, polarities of the current input transistor 203 and the current holding transistor 
30 204 are made to be the same, and the signal line GH and the signal line GN can be shared. Also, there is no problem 
in operation if the current stop transistor 205 is turned ON at the same time when the current input transistor 203 is 
turned OFF. On that account, polarities of the current input transistor 203 and the current stop transistor 205 are made 
to differ, and the signal line GN and the signal line GS can be shared. 

[0147] Also, a structural example in case that the current source transistor 123 is the N channel type transistor is 

35 shown in Fig.37. In addition, the same reference numerals and signs are given to the same portion as in Fig.1 0. 

[0148] Then, a current source circuit of a third structure will be described. In addition, Fig. 11 is referred for the de- 
scription. In Fig. 11 A, the same reference numerals and signs are given to the same portions as in Fig.2. 
[01 49] Structural components of the current source circuit of the third structure will be described. The current source 
circuit of the third structure has the current source transistor 112. Also, it has a current input transistor 1483, a current 

40 holding transistor 1484, a light emitting transistor 1486, and a current reference transistor 1488 which function as 
switches. Here, the current source transistor 1 1 2, the current input transistor 1 483, the current holding transistor 1 484, 
the light emitting transistor 1 486, and the current reference transistor 1 488 may be of the P-channel type or of the N- 
channel type. Here is shown an example that the current source transistor 1 1 2 is a P channel type transistor. Further, 
it has the current source capacitor 111 for holding the gate electrode of the current source transistor 1 1 2. In addition, 

45 by positively using a gate capacitance etc. of a transistor, it is possible to omit the current source capacitor 111. Also, 
it has a signal line GN which inputs a signal to a gate electrode of the current input transistor 1483, a signal line GH 
which inputs a signal to a gate electrode of the current holding transistor 1484, a signal line GE which inputs a signal 
to a gate electrode of the light emitting transistor 1486, and a signal line GC which inputs a signal to a gate electrode 
of the current reference transistor 1488. Further, it has a current line CL to which the control signal is inputted and a 

so current reference line SCL which is held at a constant electric potential. 

[0150] A connecting relation of these structural components will be described. The gate electrodes and the source 
terminal of the current source transistor 112 are connected through the current source capacitor 111 . The source ter- 
minal of the current source transistor 112 is connected to the terminal A through the light emitting transistor 1 486, and 
also, connected to the current line CL through the current input transistor 1483. The gate electrode and the drain 

55 terminal of the current source transistor 112 are connected through the current holding transistor 1484. The drain 
terminal of the current source transistor 1 1 2 is connected to the terminal B, and also, connected to the current reference 
line SCL through the current reference transistor 1488. 

[0151] In addition, a side of the source terminal or the drain terminal of the current holding transistor 1484 which is 
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not connected to the current source capacitor 111 is connected to the drain terminal of the current source transistor 
1 1 2 but, it may be connected to the current reference line SCL. The above-described structure is shown In Fig.38. With 
this structure, by adjusting an electric potential of the current reference line SCL when the current holding transistor 
1484 is in the OFF state, it is possible to lessen the voltage between the source and drain terminals of the current 

5 holding transistor 1484. As a result, it is possible to lessen the OFF current of the current holding transistor 1484. By 
this means, it is possible to lessen the leakage of the electric charges from the current source capacitor 111 . 
[0152] Then, the setting operation of the current source circuit of the above-described third structure will be described. 
Figs. 1 1 B to 1 1 E are used for the description. In the current source circuit of the third structure, the setting operation is 
carried out by going through states of Figs.1 1 B to 1 1 E in sequence. In the description, for the purpose of simplicity, the 

10 current input transistor 1483, the current holding transistor 1484, the light emitting transistor 1486 and the current 
reference transistor 1 488 are represented as switches. Here, shown is a case that a control signal for setting the current 
source circuit 102 is the control current. Also, in the figure, a path through which a current flows is shown by a heavy- 
line arrow. 

[0153] In a period TD1 shown in Fig.11 B, the current input transistor 1483, the current holding transistor 1484 and 
15 the current reference transistor 1488 are turned in the ON state. By this means, a current flows from the path shown 
and electric charges are held in the current source capacitor 111 , 

[01 54] In a period TD2 shown in Fig.1 1 C, by the electric charges held in the current source capacitor 1 1 1 , the voltage 
between the gate and the source of the current source transistor 112 becomes more than a threshold voltage. Then, 
the drain current flows through the current source transistor 112. 

20 [0155] When sufficient time passes and a steady state is realized, as in a period TD3 shown in Fig. 11 D, the drain 
current of the current source transistor 112 is determined as the control current. By this means, the gate voltage on 
the occasion that the drain current is set at the control current is held in the current source capacitor 111 . 
[0156] In a period TD4 shown in Fig. 11 E, the current input transistor 1483 and the current holding transistor 1484 
are turned OFF. By this means, the control current is prevented from flowing through the pixel. In addition, it is desirable 

25 that a timing that the current holding transistor 1484 is turned OFF, as compared to a timing that the current input 
transistor 1483 is turned OFF, is earlier or simultaneous. This is because of preventing the electric charges held in the 
current source capacitor 111 from being discharged. Further, the current reference transistor 1488 are turned in the 
OFF state. After that, the light emitting transistor 1 486 is turned in the ON state. After the period TD4, when a voltage 
is applied between the source and drain terminals of the current source transistor 112, the drain current corresponding 

30 to the control current flows through the current source transistor 112. In short, when a voltage is applied between the 
terminal A and the terminal B, the current source circuit 102 has the drain current corresponding to the control circuit 
flown. By this means, the current source circuit 102 outputs a predetermined current. 

[0157] In addition, the current reference transistor 1488 and the current reference line SCL are not indispensable. 
For example, in the current source circuit which carries out the setting operation only in case that the switch part making 
35 the pair is in the ON state, the current reference transistor 1488 and the current reference line SCL are not necessary, 
since a current does not flow through the current reference line SCL in the periods TD1 to TD3 but simply flows through 
the terminal B. 

[0158] Each signal line of the current source circuit of the third structure can be shared. For example, there is no 
problem in operation if the current input transistor 1483 and the current holding transistor 1484 are switched to be ON 

40 or OFF at the same timing. On that account, polarities of the current input transistor 1483 and the current holding 
transistor 1484 are made to be the same, and the signal line GH and the signal line GN can be shared. Also, there is 
no problem in operation if the current reference transistor 1488 and the current input transistor 1483 are turned ON or 
OFF at the same timing. On that account, polarities of the current reference transistor 1488 and the current input 
transistor 1 483 are made to be the same, and the signal line GN and the signal line GC can be shared. Further, there 

45 is no problem in operation if, at the same time when the light emitting transistor 1486 is turned in the ON state, the 
current input transistor 1483 is turned in the OFF state. Then, polarities of the light emitting transistor 1486 and the 
current input transistor 1483 are made to differ, and the signal line GE and the signal line GN can be shared. 
[0159] Also, a structural example in case that the current source transistor 112 is the N channel type transistor is 
shown in Fig.39A. In addition, the same reference numerals and signs are given to the same portion as in Fig.11. In 

so addition, in the structure of Fig.39A, a side of the source terminal or the drain terminal of the current holding transistor 
1484 which is not connected to the current source capacitor 1 1 1 is connected to the drain terminal of the current source 
transistor 1 1 2 but, it may be connected to the current line CL. The above-described structure is shown in Fig.39B. With 
this structure, by adjusting an electric potential of the current line CL when the current holding transistor 1484 is in the 
OFF state, it is possible to lessen the voltage between the source and drain terminals of the current holding transistor 

55 1484. As a result, it is possible to lessen the OFF current of the current holding transistor 1484. By this means, it is 
possible to lessen the leakage of the electric charges from the current holding capacitor 111 . 
[0160] Then, the setting operation of the current source circuit of a fourth structure will be described. In addition, Fig. 
12 is referred for the description. In Fig.12A, the same reference numerals and signs are given to the same portions 
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as in Fig.2. 

[01 61 ] Structural components of the current source circuit of the fourth structure will be described. The current source 
circuit of the fourth structure has the current source transistor 112 and a current stop transistor 805. Also, it has a 
current input transistor 803 and a current holding transistor 804 which function as switches. Here, the current source 

5 transistor 112, a current stop transistor 805, the current input transistor 803, and the current holding transistor 804 may 
be of the P-channel type or of the N-channel type. But, there is a necessity to make the current source transistor 112 
and the current stop transistor 805 the same polarity. Here is shown an example that the current source transistor 112 
and the current stop transistor 805 are P channel type transistors. Also, it is desirable that current characteristics of 
the current source transistor 112 and the current stop transistor 805 are the same. Further, it has the current source 

10 capacitor 111 for holding the gate electrode of the current source transistor 112. In addition, by positively using a gate 
capacitance etc. of a transistor, it is possible to omit the current source capacitor 111 . Further, it has a signal line GN 
which inputs a signal to a gate electrode of the current input transistor 803, a signal line GH which inputs a signal to 
a gate electrode of the current holding transistor 804. Furthermore, it has a current line CL to which the control current 
is inputted. 

15 [01 62] A connecting relation of these structural components will be. described. The source electrode of the current 
source transistor 1 1 2 is connected to one of the electrodes of the current source capacitor 111. The other electrode of 
the current source capacitor 111 is connected to the terminal A. The gate electrode and the source terminal of the 
current source transistor 1 1 2 are connected through the current source capacitor 111. The gate electrode of the current 
source transistor 112 is connected to a gate electrode of the current stop transistor 805, and also, connected to the 

20 current line CL through the current holding transistor 804. The drain terminal of the current source transistor 112 is 
connected to a source terminal of the current stop transistor 805, and also, connected to the current line CL through 
the current input transistor 803. The drain terminal of the current stop transistor 805 is connected to the terminal B. 
[0163] . In addition, in the structure shown in Fig.12A, it is possible to configure the circuit structure as shown in Fig. 
12B, by changing a location of the current holding transistor 804. In Fig.12B, the current holding transistor 804 is 

25 connected between the gate electrode and the drain terminal of the current source transistor 11 2. 

[0164] Then, the setting operation of the current source circuit of the above-described fourth structure will be de- 
scribed. In addition, the setting operation in Fig.12A is the same as that in Fig.12B. Here, the circuit shown in Fig.12A 
is picked up as an example, and its setting operation will be described. Figs.12C to 12F are used for the description. 
In the current source circuit of the fourth structure, the setting operation is carried out by going through states of Figs. 

30 12Cto 12Fin sequence. In the description, for the purpose of simplicity, the current input transistor 803 and the current 
holding transistor 804 are represented as switches. Here, shown is a case that a control signal for setting the current 
source circuit is the control current. Also, in the figure, a path through which a current flows is shown by a heavy-line 
arrow. 

[0165] In a period TD1 shown in Fig.12C, the current input transistor 803 and the current holding transistor 804 are 
35 turned in the ON state. In addition, on this occasion, the current stop transistor 805 is in the OFF state. This is because, 
by the current holding transistor 804 and the current input transistor 803 which were turned in the ON state, the electric 
potentials of the source terminal and the gate electrode of the current stop transistor 805 are maintained to be the 
same. In short, by using a transistor which is turned in the OFF state when the voltage between the source and the 
gate is zero as the current stop transistor 805, in the period TD1 , the current stop transistor 805 is turned in the OFF 
40 state. By this means, a current flows from the path shown and electric charges are held in the current source capacitor 
111. 

[0166] In a period TD2 shown in Fig.12D, by the electric charges held, the voltage between the gate and the source 
of the current source transistor 112 becomes more than a threshold voltage. Then, the drain current flows through the 
current source transistor 112. 

45 [0167] When sufficient time passes and a steady state is realized, as in a period TD3 shown in Fig.12E, the drain 
current of the current source transistor 1 1 2 is determined as the control current. By this means, the gate voltage of the 
current source transistor 112 on the occasion that the drain current is set at the control current is held in the current 
source capacitor 111. After that, the current holding transistor 804 is turned in the OFF state. Then, the electric charges 
held in the current source capacitor 1 1 1 are distributed also to the gate electrode of the current stop transistor 805. By 

50 this means, at the same time when the current holding transistor 804 is turned in the OFF state, the current stop 
transistor 805 is automatically turned in the ON state. 

[0168] In a period TD4 shown in Fig.12F, the current input transistor 803 are turned OFF. By this means, the control 
current is prevented from flowing through the pixel. In addition, it is desirable that a timing that the current holding 
transistor 804 is turned OFF, as compared to a timing that the current input transistor 803 is turned OFF, is earlier or 
55 simultaneous. This is because of preventing the electric charges held in the current source capacitor 111 from being 
discharged. After the period T D4, in case that a voltage is applied between the terminal A and the terminal B, through 
the current source transistor 112 and the current stop transistor 805, a constant current is outputted. In short, on the 
occasion that the current source circuit 102 outputs the constant current, the current source transistor 112 and the 
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current stop transistor 805 function like one multi-gate type transistor. On that account, it is possible to lessen a value 
of the constant current to be outputted, to the control current to be inputted. Accordingly, it is possible to speed up the 
setting operation of the current source circuit. In addition, there is a necessity that polarities of the current stop transistor 
805 and the current source transistor 112 are made to be the same. Also, it is desirable that current characteristics of 
5 the current stop transistor 805 and the current source transistor 1 1 2 are made to be the same. This is because, in each 
current source circuit 1 02 having the fourth structure, in case that the current characteristics of the current stop transistor 
805 and the current source transistor 112 are not the same, there occurs variation of the output current of the current 
source circuit. 

[0169] In addition, in the current source circuit of the fourth structure, by using not only the current stop transistor 
w 805 but also a transistor which converts the control current, which is inputted, into the corresponding gate voltage 
(current source transistor 112), a current is outputted from the current source circuit 102. On one hand, in the current 
source circuit of the first structure, the control current is inputted, and the transistor which converts the inputted control 
current into the corresponding gate voltage (current transistor) is completely different from the transistor which converts 
the gate voltage into the drain current (current source transistor). Thus, the fourth structure can more reduce influence 
15 which is given to the output current of the current source circuit 1 02 by variation of a current characteristic of a transistor, 
than the first structure. 

[0170] Each signal line of the current source circuit of the fourth structure can be shared. There is no problem in 
operation if the current input transistor 803 and the current holding transistor 804 are switched to be ON or OFF at the 
same timing. On that account, polarities of the current input transistor 803 and the current holding transistor 804 are 

20 made to be the same, and the signal line GH and the signal line GN can be shared. 

[0171] Then, a current source circuit of a fifth structure will be described. In addition, Fig.13 is referred for the de- 
scription. In Fig.13A, the same reference numerals and signs are given to the same portions as in Fig.2. 
[0172] Structural components of the current source circuit of the fifth structure will be described. The current source 
circuit of the fifth structure has the current source transistor 1 1 2 and a light emitting transistor 886. Also, it has a current 

25 input transistor 883, a current holding transistor 884, and a current reference transistor 888 which function as switches. 
Here, the current source transistor 112, a light emitting transistor 886, the current input transistor 883, the current 
holding transistor 884, and the current reference transistor 888 may be of the P-channel type or of the N-channel type. 
But, there is a necessity that polarities of the current source transistor 1 1 2 and the light emitting transistor 886 are the 
same. Here is shown an example that the current source transistor 112 and the light emitting transistor 886 are P 

30 channel type transistors. Also, it is desirable that current characteristics of the current source transistor 112 and the 
light emitting transistor 886 are the same. Further, it has the current source capacitor 1 1 1 for holding the gate electrode 
of the current source transistor 112. In addition, by positively using a gate capacitance etc. of a transistor, it is possible 
to omit the current source capacitor 111. Also, it has a signal line GN which inputs a signal to a gate electrode of the 
current input transistor 883, and a signal line GH which inputs a signal to a gate electrode of the current holding 

35 transistor 884. Further, it has a current line CL to which the control signal is inputted, and a current reference line SCL 
which is maintained to be a constant electric potential. 

[0173] A connecting relation of these structural components will be described. The source terminal of the current 
source transistor 112 is connected to the terminal B, and also, connected to the current reference line SCL through 
the current reference transistor 888. The drain terminal of the current source transistor 112 is connected to a source 

40 terminal of the light emitting transistor 886, and also, connected to the current line CL through the current input transistor 
883. The gate electrode and the source terminal of the current source transistor 112 are connected through the current 
source capacitor 111 . The gate electrode of the current source transistor 112 is connected to a gate electrode of the 
light emitting transistor 886, and connected to the current line CL through the current holding transistor 884. The drain 
terminal of the light emitting transistor 886 is connected to the terminal A. 

45 [0174] In addition, in the structure shown in Fig.13A, it is possible to configure the circuit structure as shown in Fig. 
13B, by changing a location of the current holding transistor 884. In Fig.13B, the current holding transistor 884 is 
connected between the gate electrode and the drain terminal of the current source transistor 112. 
[01 75] Then , the setting operation of the current source circuit of the above-described fifth structure will be described. 
In addition, the setting operation in Fig.13A is the same as that in Fig.13B. Here, the circuit shown in Fig.13A is picked 

so up as an example, and its setting operation will be described. Figs.13C to 13F are used for the description. In the 
current source circuit of the fifth structure, the setting operation is carried out by going through states of Figs.13C to 
13F in sequence. In the description, for the purpose of simplicity, the current input transistor 883, the current holding 
transistor 884, and the current reference transistor 888 are represented as switches. Here, shown is a case that a 
control signal for setting the current source circuit is the control current. Also, in the figure, a path through which a 

55 current flows is shown by a heavy-line arrow. 

[0176] Inaperiod JD1 shown in Fig.13C, the current input transistor 883, the current holding transistor 884, and the 
current reference transistor 888 are in the ON state. In addition, on this occasion, the light emitting transistor 886 is in 
the OFF state. This is because, by the current holding transistor 884 and the current input transistor 883 which were 
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turned in the ON state, the electric potentials of the source terminal and the gate electrode of the light emitting transistor 
886 are maintained to be the same. In short, by using a transistor which is turned in the OFF state when a voltage 
between a source and a gate is zero as the light emitting transistor 886, in the period TD1 , the light emitting transistor 
886 is turned in the OFF state. By this means, a current flows from the path shown and electric charges are held in 
5 the current source capacitor 111. 

[0177] In a period TD2 shown in Fig. 1 3D, by the electric charges held in the current source capacitor 111 , the voltage 
between the gate and the source of the current source transistor 112 becomes more than a threshold voltage. Then, 
the drain current flows through the current source transistor 112. 

[0178] When sufficient time passes and a steady state is realized, as in a period TD3 shown in Fig.13E, the drain 

10 current of the current source transistor 1 1 2 is determined as the control current. By this means, the gate voltage of the 
current source transistor 112 on the occasion that the drain current is set at the control current is held in the current 
source capacitor 111 . After that, the current holding transistor 884 is turned in the OFF state. Then, the electric charges 
held in the current source capacitor 111 are distributed also to the gate electrode of the light emitting transistor 886. 
By this means, at the same time when the current holding transistor 884 is turned in the OFF state, the light emitting 

15 transistor 886 is automatically turned in the ON state. 

[0179] In a period TD4 shown in Fig.13F, the current reference transistor 888 and the current input transistor 883 
are turned OFF. By this means, the control current is prevented from flowing through the pixel. In addition, it is desirable 
that a timing that the current holding transistor 884 is turned OFF, as compared to a timing that the current input 
transistor 883 is turned OFF, is earlier or simultaneous. This is because of preventing the electric charges held in the 

20 current source capacitor 111 from being discharged. After the period TD4, in case that a voltage is applied between 
the terminal A and the terminal B, through the current source transistor 112 and the light emitting transistor 886, a 
constant current is outputted. In short, on the occasion that the current source circuit 102 outputs the constant current, 
the current source transistor 112 and the light emitting transistor 886 function like one multi-gate type transistor. On 
that account, it is possible to lessen a value of the constant current to be outputted, to the control current to be inputted. 

25 By this means, it is possible to speed up the setting operation of the current source circuit. In addition, there is a 
necessity that the current characteristics of the light emitting transistor 886 and the current source transistor 112 are 
made to be the same. Also, it is desirable that current characteristics of the light emitting transistor 886 and the current 
. source transistor 112 are made to be the same. This is because, in each current source circuit 102 having the fifth 
structure, in case that polarities of the light emitting transistor 886 and the current source transistor 112 are not the 

30 same, there occurs variation of the output current of the current source circuit. 

[0180] In addition, in the current source circuit of the fifth structure, by a transistor which converts the control current, 
which is inputted, into the corresponding gate voltage (current source transistor 112), a current is outputted from the 
current source circuit 1 02. On one hand, in the current source circuit of the first structure, the control current is inputted, 
and the transistor which converts the inputted control current into the corresponding gate voltage (current transistor) 

35 is completely different from the transistor which converts the gate voltage into the drain current (current source tran- 
sistor). Thus, it is possible to more reduce influence which is given to the output current of the current source circuit 
102 by variation of a current characteristic of a transistor, than in the first structure. 

[0181] In addition, in case that a current is made to flow through the terminal B in the periods TD1 to TD3 on the 
occasion of the setting operation, the current reference line SCL and the current reference transistor 888 are not 
40 necessary. 

[0182] Each signal line of the current source circuit of the fifth structure can be shared. For example, there is no 
problem in operation if the current input transistor 883 and the current holding transistor 884 are switched to be ON or 
OFF at the same timing. On that account, polarities of the current input transistor 883 and the current holding transistor 
884 are made to be the same, and the signal line GH and the signal line GN can be shared. Also, there is no problem 

45 jn operation if the current reference transistor 888 and the current input transistor 883 are switched to be ON or OFF 
at the same timing. On that account, polarities of the current reference transistor 888 and the current input transistor 
883 are made to be the same, and the signal line GN and the signal line GC can be shared. 
[0183] Then, the current source circuits of the above-described first structure to the fifth structure will be organized 
with respect to each feature and with slightly larger framework. 

50 [0184] The above-described five current source circuits are, roughly divided, classified into a current mirror type 
current source circuit, a same transistor type current source circuit, and a multi -gate type current source circuit. These 
will be described hereinafter. 

[0185] As the current mirror type current source circuit, cited is the current source circuit of the first structure. In the 
current mirror type current source circuit, the signal which is inputted to the light emitting element is a current which is 
55 formed by increasing or decreasing the control current which is inputted to the pixel, by a predetermined scaling factor. 
On that account, it is possible to set the control current larger to some extent. Thus, it is possible to speed up the setting 
operation of the current source circuit of each pixel. However, if current characteristics of a pair of transistors, which 
configure a current mirror circuit that the current source circuit has, differ, there is a problem that image display is varied. 
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[01 86] As the same transistor type current source circuit, cited are the current source circuits of the second structure 
and the third structure. In the same transistor type current source circuit, the signal which is inputted to the light emitting 
element is the same as the current value of the control current which is inputted to the pixel. Here, in the same transistor 
type current source circuit, the transistor to which the control current is inputted is the same as the transistor which 
5 outputs a current to the light emitting element. On that account, reduced is image irregularity due to variation of current 
characteristics of transistors. 

[0187] As the multi-gate type current source circuit, cited are the current source circuits of the fourth structure and 
the fifth structure. In the multi-gate type current source circuit, the signal which is imputted to the light emitting element 
is a current which is formed by increasing or decreasing the control current which is inputted to the pixel, by a prede- 

10 termined scaling factor. On that account, it is possible to set the control current larger to some extent. Thus, it is possible 
to speed up the setting operation of the current source circuit of each pixel. Also, a portion of the transistor to which 
the control current is inputted and the transistor which outputs a current to the light emitting element is shared with 
each other. On that account, reduced is image irregularity due to variation of current characteristics of transistors, as 
compared with the current mirror type current source circuit. 

15 [0188] Then, in each of the above-described current source circuits in three classifications, a relation of its setting 
operation and an operation of the switch part which makes the pair will be described. 

[0189] A relation of the setting operation in case of the current mirror type current source circuit and the operation 
of the corresponding switch part will be shown hereinafter. In case of the current mirror type current source circuit, 
even during a period that the control current is inputted, it is possible to output the predetermined constant current. On 
20 that account, there is no necessity to carry out the operation of the switch part which makes the pair and the setting 
operation of the current source circuit in synchronous with each other. 

[0190] A relation of the setting operation in case of the same transistor type current source circuit and the operation 
of the corresponding switch part will be shown hereinafter. In case of the same transistor type current source circuit, 
during a period that the control current is inputted, it is not possible to output the constant current. On that account, 
25 there occurs a necessity to carry out the operation of the switch part which makes the pair and the setting operation 
of the current source circuit in synchronous with each other. For example, only when the switch part is in the OFF state, 
it is possible to carry out the setting operation of the current source circuit. 

[0191] A. relation of the setting operation in case of the multi-gate type current source circuit and the operation of the 
corresponding switch part will be shown hereinafter. In case of the multi-gate type current source circuit, during a period 
30 that the control current is inputted, it is not possible to output the constant current. On that account, there occurs a 
necessity, to carry out the operation of the switch part which makes the pair and the setting operation of the current 
source circuit in synchronous with each other. For example, only when the switch part is in the OFF state, it is possible 
to carry out the setting operation of the current source circuit. 

[0192] Then, an operation on the occasion of combining with the time gray scale system, in case that the setting 
35 operation of the current source circuit is made to be synchronous with the operation of the switch part which makes 
the pair, will be described in detail. 

[0193] Here, a case that the setting operation of the current source circuit is carried but only in case that the switch 
part is in the OFF state will be watched. In addition, since detail explanation of the time gray scale system is the same 
as the technique shown in the embodiment 2, it will be omitted here. In case of using the time gray scale system, it is 
40 the non display period that the switch part is always turned in the OFF state. Thus, in the non display period, it is 
possible to carry out the setting operation of the current source circuit. 

[0194] The non display period is initiated by selecting each pixel row in sequence in the reset period. Here, it is 
possible to carry out the setting operation of each pixel row with the same frequency as frequency for selecting the 
scanning line in sequence. For example, a case of using the switch of the structure shown in Fig.3 will be watched. It 

45 is possible to select each pixel row and carry out the setting operation of the current source circuit with the same 
frequency as frequency for selecting the scanning line G and the deleting signal line RG in sequence. 
[0195] But, there is a case that it is difficult to sufficiently carry out the setting operation of the current source circuit 
in the selection period of one row length, in that moment, it is fine if the setting operation of the current source circuit 
is slowly carried out, by using the selection period of a plurality of rows. To carry out the setting operation of the current 

50 source circuit slowly means to carry out an operation for storing predetermined electric charges slowly by taking long 
time into the current source capacitance which the current source circuit has. 

[0196] As just described, since each row is selected by using the selection period of a plurality of rows, and by using 
the same frequency as frequency for selecting the deleting signal line RG etc. in the reset period, the rows are to be 
selected at intervals. Thus, in order to carry out the setting operations of the pixels of all rows, there is a necessity to 
55 carry out the setting operations in a plurality of the non display periods. 

[0197] Then, a structure and a driving method of a display device on the occasion of using the above-described 
techniques will be described. Firstly, a driving method in case that the setting operation of the pixel of one row is carried 
out by using the same length period as the period in which a plurality of the scanning lines are selected will be described. 
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Fig.14 is used for the description. In the figure, as an example, shown is a timing chart for carrying out the setting 
operation of the pixel of one row during a period in which ten scanning lines are selected. 

[0198] Fig.UA shows an operation of each row in each frame period. In addition, the same reference numerals and 
signs are given to the same portions as the timing chart shown in Fig.4 in the embodiment 2, and the description thereof 

5 will be omitted. Here, shown is a case that one frame period is divided into three sub frame periods SF 2 and SF 3 . In 
addition, it is configured that the non display period Tus is disposed in the sub frame periods SF 1 to SF 3 , respectively. 
In the non display period Tus, the setting operation of the pixel is carried out (in the figure, the period A and the period B). 
[0199] Then, the operation in the period A and the period B will be described in detail. Fig.14B is used for the de- 
scription. In addition, in the figure, a period in which the setting operation of the pixel is carried out is shown by the 

10 period in which the signal line GN is selected. In general, the signal line GN of the pixel of i(i is a natural number)-th 

row is shown by Gn h Firstly, in a period A of a first frame period F 1t GN 1} GN 11f GN 21 are selected at intervals. By 

this means, carried out is the setting operation of the pixels of a first row, an eleventh row, a twenty first row (period 

1). Then, in a period B of the first frame period F v GN 2 , GN 12 , GN^ are selected. By this means, carried out is the 

setting operation of the pixels of a second row, a twelfth row, a twenty second row, .... (period 2). By repeating the 

15 above-described operations during 5 frame periods, the setting operations of all pixels are ordinarily carried out. 

[0200] Here, a period which can be used for the setting operation of the pixel of one row is represented by Tc. in 
case of using the above-described driving method, it is possible to set Tc at ten times of the selection period of the 
scanning line G. By this means, it is possible to lengthen time which is used for the setting operation per one pixel. 
Also, it is possible to carry out the setting operation of the pixel efficiently and accurately, 

20 [0201] In addition, in case that the ordinary setting operation is not enough, it is fine to carry out the setting operation 
of the pixel gradually by repeating the above-described operation a plurality of times. 

[0202] Then, a structure of a driving circuit on the occasion of using the above-described driving method will be 
described by use of Fig. 15. In addition, Fig.15 shows a driving circuit which inputs a signal to the signal line GN. 
However, the same is applied to a signal which is inputted to other signal lines that the current source circuit has. Two 

25 structural examples of the driving circuit for carrying out the setting operation of the pixel will be cited. 

[0203] A first example is the driving circuit of such a structure that an output of a shift register is switched by a 
switching signal to be outputted to the signal line GN. An example of this structure of the driving circuit (setting operation 
use driving circuit) is shown in Fig.15A. A setting operation use driving circuit 5801 is configured by a shift register 
5802, an AND circuit, an inverter circuit (INV) and so on. In addition, here shown is an example of the driving circuit 

30 of such a structure that one signal line GN is selected during a period which is four times of a pulse output period of 
the shift register 5802. 

[0204] An operation of the setting operation use driving circuit 5801 will be described. The output of the shift register 
5802 is selected by a switching signal 5803 and outputted to the signal line GN through the AND circuit. 
[0205] A second example is the driving circuit of such a structure that a signal for selecting a specific row is latched 
35 by an output of a shift register. An example of the driving circuit of this structure (setting operation use driving circuit) 
is shown in Fig.15B. A setting operation use driving circuit 5811 has a shift register 5812, a latch 1 circuit 5813, and a 
latch 2 circuit 5814. 

[0206] An operation of the setting operation use driving circuit 581 1 will be described. By an output of the shift register 
5812, the latch 1 circuit 5813 holds a row selection signal 5815 in sequence. Here, the row selection signal 5815 is a 
40 signal for selecting an arbitrary output signal out of the output of the shift register 5812. The signal held in the latch 1 
circuit 5813 is transferred to the latch 2 circuit 5814 by a latch signal 5816. By this means, a signal is inputted to a 
specific signal line GN. 

[0207] In addition, even in the display period, in case of the current mirror type current source circuit, the setting 
operation can be carried out. Also, in the same transistor type current source circuit and the multi-gate type current 
45 source circuit, may be used such a drive method that the display period is once interrupted to thereby carry out the 
setting operation of the current source circuit, and after that, the display period is resumed, 

[0208] It is possible to realize this embodiment by being freely combined with the embodiment 1 and the embodiment 

2. 

50 (Embodiment 4) 

[0209] In this embodiment, a structure and an operation of each pixel will be described. In addition, a case that each 
pixel has two pairs is taken as an example. And, a case that structures of two current source circuits of two pairs are 
selected from and combined with structures of the five current source circuits shown, in the embodiment 3 will be 
55 described as an example. 

[021 0] A first combination example will be shown. In the first combination example, each of two current source circuits 
(a first current source circuit and a second current source circuit) that the pixel has is the current source circuit of the 
second structure shown in Fig. 1 0A. In addition, since a structure of these current source circuits is the same as in the 
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embodiment 3, detail description will be omitted. 

[0211] Fig. 16 shows the structure of the pixel of the first combination example. In addition, in Fig.16, the same 
reference numerals and signs are given to the same portions as in Fig. 10. In addition, a portion which corresponds to 
the first current source circuit is shown by adding a after the reference numerals of Fig.lOA, and a portion which 
5 corresponds to the second current source circuit is shown by adding b after the reference numerals of Fig.1 OA. Also, 
description of a structure of the switch parts (a first switch part and a second switch part) of the respective pairs will 
be omitted here by referring to the embodiment 2. 

[0212] Here, the first current source circuit 1 02a and the second current source circuit 1 02b can share wirings and 
elements. For example, a signal line GNa and a signal line GNb can be shared. Also, a signal line GHa and a signal 
10 line GHb can be shared. Furthermore, a signal line GSa and a signal line GSb can be shared. This structure is shown 
in Fig.1 7A. Also, a current line CLa and a current line CLb can be shared. This structure is shown in Fig.1 7B. In addition, 
structures of Fig.17A and Fig.17B can be freely combined. 

[021 3] A way of setting of each current source circuit 1 02a and 1 02b is the same as in the embodiment 3. The current 
source circuits 102a and 102b are the same transistor type current source circuit. Thus, it is desirable that its setting 
15 operation is carried out in synchronous with the operation of the switch part. Also, current stop transistors 205a and 
205b may be unnecessary depending upon a drive method. 

[0214] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 3. 
(Embodiment 5) 

20 

[021 5] In this embodiment, a structure and an operation of each pixel will be described. In addition, a case that each 
pixel has two pairs is taken as an example. And, a case that structures of two current source circuits of two pairs are 
selected from and combined with structures of the five current source circuits shown in the embodiment 3 will be 
described as an example. 

25 [0216] In addition, a second combination example, which is different from the first combination example shown in 
the embodiment 4, will be described. In the second combination example, one (a first current source circuit) of two 
current source circuits that the pixel has is the current source circuit of the second structure shown in Fig.lOA. The 
other current source circuit (a second current source circuit) is the current source circuit of the first structure shown in 
Fig.9A. In addition, since a structure of these current source circuits is the same as in the embodiment 3, detail de- 

30 scription will be omitted. 

[0217] Fig.18 shows the structure of the pixel of the second combination example. In addition, in Fig.18, the same 
reference numerals and signs are given to the same portions as in Fig.lOA and Fig.9A. In addition, a portion which 
corresponds to the first current source circuit is shown by adding a after the reference numerals of Fig.lOA, and a 
portion which corresponds to the second current source circuit is shown by adding b after the reference numerals of 

35 Fig.9A. Also, description of a structure of the switch parts (a first switch part and a second switch part) of the respective 
pairs will be omitted here by referring to the embodiment 2. 

[0218] Here, the first current source circuit 1 02a and the second current source circuit 1 02b can share wirings and 
elements. Also, the first current source circuit 102a and the second current source circuit 102b can share the current 
source capacitance. This structure is shown in Fig.40. In addition, the same reference numerals and signs are given 

40 to the same portions as in Fig.18. In addition, it is possible to share the current transistor 1405b between different pixels. 
[0219] Also, signal lines can be shared. For example, a signal line GNa and a signal line GNb can be shared. Also, 
a signal line GHa and a signal line GHb can be shared. This structure is shown in Fig. 1 9A Also, a current line CLa and 
a current line CLb can be shared. This structure is shown in Fig.1 9B. Also, in lieu of the current line CLa, a signal line 
Sb can be used. This structure is shown in Fig.19C. In addition, structures of Fig.40, Figs.19A to 19C can be freely 

« combined. 

[0220] A way of setting of each current source circuit 1 02a and 1 02b is the same as in the embodiment 3. The current 
source circuits 1 02a is the same transistor type current source circuit. Thus, it is desirable that its setting operation is 
carried out in synchronous with the operation of the switch part. Also, current stop transistors 205 may be unnecessary 
depending upon a drive method. On one hand, the current source circuit 1 02b is the current mirror type current source 

50 circuit. Thus, it is possible to carry out its setting operation in asynchronous with the operation of the switch part. 

[0221] In a pixel structure of this embodiment, in case that current values of currents which are outputted by the 
same transistor type current source circuit and the current mirror type current source circuit of each pixel are made to 
differ, it is desirable that an output current of the same transistor type current source circuit is set larger as compared 
-to a current value of an output current of the current mirror type current source circuit. A reason thereof will be hereinafter 

55 described. 

[0222] As described in the embodiment 3, in the same transistor type current source circuit, there is a necessity to 
input the control current which is of the same current value as the output current, but in the current mirror type current 
source circuit, it is possible to input the control current which is of the larger current value than the current value of the 
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output current. By using the control current of larger current value, It is possible to realize the setting operation of the 
current source circuit quickly and accurately because of difficulty of coming under influence etc. of noise. On that 
account, in case that the output currents of the same current value are tentatively set, the setting operation of the 
current source circuit in the same transistor type current source circuit gets later than in the current mirror type current 

5 source circuit. Then, in the same transistor type current source circuit, it is desirable that the current value of the output 
current is made larger than that of the current mirror type current source circuit so that the current value of the control 
current is enlarged, and the setting operation of the current source circuit is carried out quickly and accurately. 
[0223] Also, as described in the embodiment 3, in the current mirror type current source circuit, as compared to the 
same transistor type current source circuit, variation of the output current is larger. As to the output current of the current 

10 source circuit, the more its current value is, the larger influence of the variation appears. On that account, in case that 
the output currents of the same current value are tentatively set, variation of the output current becomes larger in the 
current mirror type current source circuit than in the same transistor type current source circuit. Then, in the current 
mirror type current source circuit, it is desirable that the current value of the output current is made smaller than that 
of the same transistor type current source circuit and variation of the output current is made smaller. 

is [0224] By the foregoing, in the pixel structure of this embodiment, in case that current values of currents which are 
outputted by the same transistor type current source circuit and the current mirror type current source circuit of each 
pixel respectively are made to differ, it is desirable that the current value of the output current of the same transistor 
type current source circuit is set larger as compared to the current value of the output current of the current mirror type 
current source circuit. 

20 [0225] Also, in case that the pixel structure of Fig.40 is used, it is desirable that the output current of the current 
source circuit 102a is set to be larger than the output current of the current source circuit 102b. By this means, by 
enlarging the output current of the current source circuit 1 02a for which the setting operation is carried out, it is possible 
to carry out the setting operation quickly. Also, in the current source circuit 102b in which the drain current of the 
transistor 112b, which is different from the transistor to which the control current is inputted, is set at the output current, 

25 it is possible to lessen the influence of variation by setting the output current smaller. 

[0226] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 3. 

(Embodiment 6) 

30 [0227] In this embodiment, a structure and an operation of each pixel will be described. In addition, a case that each 
pixel has two pairs is taken as an example. And, a case that structures of two current source circuits of two pairs are 
selected from and combined with structures of the five current source circuits shown in the embodiment 3 will be 
described as an example. 

[0228] In addition, a third combination example, which is different from the first combination example and the second 

35 combination example shown in the embodiment 4 and the embodiment 5, will be described. In the third combination 
example, one (a first current source circuit) of two current source circuit that the pixel has is the current source structure 
of the second structure shown in Fig.10A. The other current source circuit (a second current source circuit) is the 
current source circuit of the third structure shown in Fig.1 1 A. In addition, since structures of these current source circuits 
are the same as in the embodiment 3, detail description will be omitted. 

40 [0229] Fig.20 shows the structure of the pixel of the third combination example. In addition, in Fig,20, the same 
reference numerals and signs are given to the same portions as in Fig. 1 0A and Fig. 11 A. In addition, a portion which 
corresponds to the first current source circuit is shown by adding a after the reference numerals of Fig. 1 0A, and a 
portion which corresponds to the second current source circuit is shown by adding b after the reference numerals of 
Fig. 1 1 A. Also, description of a structure of the switch parts (a first switch part and a second switch part) of the respective 

45 pairs will be omitted here by referring to the embodiment 2. 

[0230] Here, the first current source circuit 102a and the second current source circuit 1 02b can share wirings and 
elements. Also, the first current source circuit 102a and the second current source circuit 102b can share the current 
source capacitor 1 11 . This structure can be made to be the same as in Fig.40. In addition, the same reference numerals 
and signs are given to the same portions as in Fig.20. Also, signal lines can be shared. For example, a signal line GNa 

so and a signal line GNb can be shared. Also, a signal line GHa and a signal line GHb can be shared. Furthermore, a 
signal line GSa and a signal line GEb can be shared. This structure is shown in Fig. 21 A. Also, a current line CLa and 
a current line CLb can be shared. This structure is shown in Fig.21B. In addition, structures of Fig.40, Figs.21A and 
21 B can be freely combined. 

[0231 ] A way of setting of each current source circuit 1 02a and 1 02b is the same as in the embodiment 3. The current 
55 source circuits 1 02a and the current source circuit 1 02b are the same transistor type current source circuit. Thus , it 
is desirable that its setting operation is carried out in synchronous with the operation of the switch part. Also, current 
stop transistors 205a may be unnecessary depending upon a drive method. 

[0232] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 3. 
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(Embodiment 7) 

[0233] In this embodiment, a structure and an operation of each pixel will be described. In addition, a case that each 
pixel has two pairs is taken as an example. And, a case that structures of two current source circuits of two pairs are 
5 selected from and combined with structures of the five current source circuits shown in the embodiment 3 will be 
described as an example. 

[0234] In addition, a fourth combination example, which is different from the first combination example to the third 
combination example shown in the embodiment 4 to the embodiment 6, will be described. In the fourth combination 
example, one (a first current source circuit) of two current source circuits that the pixel has is the current source structure 
10 of the second structure shown in Fig.lOA. The other current source circuit (a second current source circuit) is the 
current source circuit of the fourth structure shown in Fig.12A. In addition, since a structure of these current source 
circuits is the same as in the embodiment 3, detail description will be omitted. 

[0235] Fig.22 shows the structure of the pixel of the fourth combination example. In addition, in Fig.22, the same 
re f erence numerals and signs are given to the same portions as in Fig.lOA and Fig.12A. In addition, a portion which 
is corresponds to the first current source circuit is shown by adding a after the reference numerals of Fig.lOA, and a 
portion which corresponds to the second current source circuit is shown by adding b after the reference numerals of 
Fig.1 2A. Also, description of a structure of the switch parts (a first switch part and a second switch part) of the respective 
pairs will be omitted here by referring to the embodiment 2. 

[0236] Here, the first current source circuit 1 02a and the second current source circuit 1 02b can share wirings and 
20 elements. For example, signal lines can be shared. For example, a signal line GNa and a signal line GNb can be 
shared. Also, a signal line GHa and a signal line GHb can be shared. This structure is shown in Fig.23A. Also, a current 
line CLa and a current line CLb can be shared. This structure is shown in Fig.23B. Also, in lieu of the current line CLa, 
a signal line Sa can be used. This structure is shown in Fig.23C. In addition, structures of Figs.23A to 23C can be 
freely combined. 

25 [0237] A way of setting of each current source circuit 1 02a and 1 02b is the same as in the embodiment 3. The current 
source circuit 102a is the same transistor type current source circuit. Thus, it is desirable that its setting operation is 
carried out in synchronous with the operation of the switch part. Also, the current source circuit 102b is the multi-gate 
type current source circuit. Thus, it is desirable that its setting operation is carried out in synchronous with the operation 
of the switch part. Also, current stop transistors 205 a may be unnecessary depending upon a drive method. 

30 [0238] In a pixel structure of this embodiment, in case that current values of currents which are outputted by the 
same transistor type current source circuit and the multi-gate type current source circuit of each pixel are made to 
differ, it is desirable that an output current of the same transistor type current source circuit is set larger as compared 
to a current value of an output current of the multi-gate type current source circuit. A reason thereof will be hereinafter 
described. 

35 [0239] As described in the embodiment 3, in the same transistor type current source circuit, there is a necessity to 
input the control current which is of the same current value as the output current, but in the multi-gate type current 
source circuit, it is possible to input the control current which is of the larger current value than the current value of the 
output current. By using the control current of larger current value, it is possible to realize the setting operation of the 
current source circuit quickly and accurately because of difficulty of coming under influence etc. of noise. On that 

40 account, in case that the output currents of the same current value are tentatively set, the setting operation of the 
current source circuit in the same transistor type current source circuit gets later than in the multi-gate type current 
source circuit. Then, in the same transistor type current source circuit, it is desirable that the current value of the output 
current is made larger than that of the multi-gate type current source circuit so that the current value of the control 
current is enlarged, and the setting operation of the current source circuit is carried out quickly and accurately. 

45 [0240] Also, as described in the embodiment 3, in the multi-gate type current source circuit, as compared to the 
same transistor type current source circuit, variation of the output current is larger. As to the output current of the current 
source circuit, the more its current value is, the larger influence of the variation appears. On that account, in case that 
the output currents of the same current value are tentatively set, variation of the output current becomes larger in the 
multi-gate type current source circuit than in the same transistor type current source circuit. Then, in the multi-gate 

50 type current source circuit, it is desirable that the current value of the output current is made smaller than that of the 
same transistor type current source circuit and variation of the output current is made smaller. 
[0241] By the foregoing, in the pixel structure of this embodiment, in case that current values of currents which are 
outputted by the same transistor type current source circuit and the multi-gate type current source circuit of each pixel 
respectively are made to differ, it is desirable that the current value of the output current of the same transistor type 

55 current source circuit is set larger as compared to the current value of the output current of the multi-gate type current 
source circuit. 

[0242] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 3. 
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(Embodiment 8) 

[0243] In this embodiment, a structure and an operation of each pixel will be described. In addition, a case that each 
pixel has two pairs is taken as an example. And, a case that structures of two current source circuits of two pairs are 
5 selected from and combined with structures of the five current source circuits shown in the embodiment 3 will be 
described as an example. 

[0244] In addition, a fifth combination example, which is different from the first combination example to the fourth 
combination example shown in the embodiment 4 to the embodiment 7, will be described. In the fifth combination 
example, one (a first current source circuit) of two current source circuits that the pixel has is the current source structure 
10 of the second structure shown in Fig. 1 0A. The other current source circuit (a second current source circuit) is the 
current source circuit of the fifth structure shown in Fig.13A. In addition, since a structure of these current source circuits 
is the same as in the embodiment 3, detail description will be omitted. 

[0245] Fig.24 shows the structure of the pixel of the fifth combination example. In addition, in Fig,24, the same 
reference numerals and signs are given to the same portions as in Fig. 1 0A and Fig.13A. In addition, a portion which 
*5 corresponds to the first current source circuit is shown by adding a after the reference numerals of Fig.lOA, and a 
portion which corresponds to the second current source circuit is shown by adding b after the reference numerals of 
Fig.1 3A. Also, description of a structure of the switch parts (a first switch part and a second switch part) of the respective 
pairs will be omitted here by referring to the embodiment 2. 

[0246] Here, the first current source circuit 102a and the second current source circuit 1 02b can share wirings and 
20 elements. For example, signal lines can be shared. For example, a signal line GNa and a signal line GNb can be 
shared. Also, a signal line GHa and a signal line GHb can be shared. This structure is shown in Fig.25A. Also, a current 
line CLa and a current line CLb can be shared. This structure is shown in Fig.25B. In addition, structures of Figs.25A 
and 25B can be freely combined. 

[0247] A way of setting of each current source circuit 1 02a and 1 02b is the same as in the embodiment 3. The current 
25 source circuit 1 02a is the same transistor type current source circuit. Thus, it is desirable that its setting operation is 
carried out in synchronous with the operation of the switch part. Also, the current source circuit 102b is the multi-gate 
type current source circuit. Thus, it is desirable that its setting operation is carried out in synchronous with the operation 
of the switch part. Also, current stop transistor 205a may be unnecessary depending upon a drive method. 
[0248] In a pixel structure of this embodiment, in case that current values of currents which are outputted by the 
30 same transistor type current source circuit and the multi-gate type current source circuit of each pixel are made to 
differ, it is desirable that a current value of an output current of the same transistor type current source circuit is set 
larger as compared to a current value of an output current of the multi-gate type current source circuit. A reason thereof 
will be hereinafter described. 

[0249] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 3. 

35 

(Embodiment 9) 

[0250] In this embodiment, shown are four concrete examples in case that, in the pixel structure of the invention, 
gray scale is expressed by being combined with the time gray scale system. In addition, since a basic explanation 
40 relating to the time gray scale system is carried out in the embodiment 2, the explanation will be omitted here. In this 
embodiment, a case of expressing 64 gray scale will be shown as an example. 

[0251] A first example is shown. By appropriately determining the output currents of a plurality of the current source 
circuits that each pixel has, the current value (I) of the current flowing through the light emitting element is changed 
with a ratio of 1 :2. In this moment, one frame period is divided into two sub frame periods, and a ratio of a length (T) 
45 of the display period of each sub frame period is set to become 1 :4:1 6. By this means, as shown in a table 1 , by the 
combination of the current (represented by a current I) flowing through the light emitting element and the length (rep- 
resented by a period T) of the display period, it is possible to express 64 gray scale. 
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[0252] A second example is shown. By appropriately determining the output currents of a plurality of the current 
20 source circuits that each pixel has, the current value (I) of the current flowing through the light emitting element is 
changed with a ratio of 1:4. In this moment, one frame period is divided into two sub frame periods, and a ratio of a 
length (T) of the display period of each sub frame period is set to become 1 :2:1 6. By this means, as shown in a table 
2, by the combination of the current I flowing through the light emitting element and the period T, it is possible to express 
64 gray scale. 

25 



Table. 2 



\iieriod T 








current l\ 
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16 
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16 
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64 



[0253] A third example is shown. By appropriately determining the output currents of a plurality of pairs of source 
circuits that each pixel has, the current value (I) of the current flowing through the light emitting element is changed 
^5 with a ratio of 1 :2:4. In this moment, one frame period is divided into three sub frame periods, and a ratio of a length 
(T) of the display period of each sub frame period is set to become 1 :8. By this means, as shown in a table 3, by the 
combination of the current I flowing through the light emitting element and the period T, it is possible to express 64 
gray scale. 
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Table. 3 
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\period T 
current I\ 


1 


8 


10 


1 


1 


8 




2 


2 


16 


15 


4 


4 


32 



20 

[0254] A fourth example is shown. By appropriately determining the output currents of a plurality of the current source 
circuits that each pixel has, the current value (I) of the current flowing through the light emitting element is changed 
with a ratio of 1 :4:16. In this moment, one frame period is divided into three sub frame periods, and a ratio of a length 
(T) of the display period of each sub frame period is set to become 1 :2. By this means, as shown in a table 4, by the 
25 combination of the current I flowing through the light emitting element and the period T, it is possible to express 64 
gray scale. 



Table. 4 



\period T 
current Px, 
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16 


16 


32 



[0255] In addition, it is possible to realize this embodiment by being freely combined with the embodiment 1 to the 
embodiment 8. 

50 

(Embodiment 10) 

[0256] In the embodiment 1 to the embodiment 9, shown was the structure in which each pixel has a plurality of the 
current source circuits and the switch parts. However, it may be a structure that each pixel has one pair of the current 
55 source circuit and the switch part. 

[0257] In case that there is one pair in each pixel, it is possible to express 2 gray scale. In addition, by combined 
with other gray scale displaymethod, it is possible to realize multiple gray scale. For example, it is possible to carry out 
gray scale display by combined with the time gray scale system. 
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[0258] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 9. 
(Embodiment 11) 

s [0259] It may be a structure that each pixel has three and more current source circuits. For example, in the first 
combination example to the fifth combination example shown in the embodiment 4 to the embodiment 8, it is possible 
to add a circuit arbitrarily selected from the current source circuits of the five structures shown in the embodiment 3. 
[0260] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 
10. 

10 

(Embodiment 12) 

[0261] In this embodiment, a structure of a driving circuit which inputs the control signal to each pixel in the display 
device of the invention will be described. 
15 [0262] If varied is the control current which is inputted to each pixel, the current value of the current that the current 
source circuit of each pixel outputs will be also varied. On that account, there occurs a necessity of a driving circuit of 
a structure that approximately a constant control current is outputted to each current line. An example of such driving 
circuit will be hereinafter shown. 

[0263] For example, it is possible to use a signal line driving circuit of a structure shown in Patent Application NO. 
20 2001-333462, Patent Application No.2001 -333466, Patent Application No. 200 1-333470, Patent Application No. 
2001-335917 or Patent Application No.2001 -33591 8. in short, by setting the output current of the signal line driving 
circuit at the control current, it is possible to input it to each pixel. 

[0264] In the display device of the invention, by applying the above-described signal line driving circuit, it is possible 
to input approximately a constant control current to each pixel. By this means, it is possible to further reduce variation 
25 of luminance of an image. 

[0265] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 11. 

(Embodiment 13) 

30 [0266] In this embodiment, a display system to which the invention is applied will be described. 

[0267] Here, the display system includes a memory which stores video signals which are inputted to the display 
device, a circuit which outputs a control signal (a clock pulse, a start pulse, etc.) which is inputted to each driving circuit 
of the display device, a controller which controls theirs and so on. 

[0268] An example of the display system is shown in Fig.41 . The display system has, besides the display device, an 
35 A/D conversion circuit, a memory selection switch A, a memory selection switch B, a frame memory 1 , a frame memory 
2, a controller, a clock signal generation circuit, and a power source generation circuit. 

[0269] An operation of the display system will be described. The A/D conversion circuit converts the video signal 
which was inputted to the display system into a digital video signal. The frame memory A or the frame memory B stores 
the digital video signal. Here, by separately using the frame memory A or the frame memory B with respect to each 

40 period (with respect to one frame period, with respect to each sub frame period), it is possible to take an extra room 
in writing a signal to the memory and in reading out a signal from the memory. The separated use of the frame memory 
A and the frame memory B can be realized by switching the memory selection switch A and the memory selection 
switch B by the controller. Also, the clock generation circuit generates a clock signal etc. by a signal from the controller. 
The power source generation circuit generates a predetermined power source signal from the controller. The signal 

45 which was read out from the memory, the clock signal, the power source and so on are inputted to the display device 
through FPC. 

[0270] In addition, the display system to which the invention was applied is not limited to the structure shown in Fig. 
41 . In a display system of well known every structure, it is possible to apply the invention to it. 
[0271] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 
so 12. 

(Embodiment 14) 

[0272] The invention can be applied to various electronic devices. In short, it is possible to apply the structural com- 
55 ponents of the invention to a portion which the various electronic devices have and which carries out image display. 
[0273] An one example of the electronic device of the invention, cited are a video camera, a digital camera, a goggle 
type display (a head mount display), a navigation system, an audio reproduction device (a car audio set, an audio 
component set and so on), a notebook type personal computer, a game machine, a portable information terminal (a 
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mobile computer, a portable telephone, a portable type game machine or an electronic book, and soon), an image 
reproduction device having a recording medium (to be more precise, an device which reproduces a recording medium 
such as DVD etc., and has a display which can display its image), and so on. 

[0274] In addition, it is possible to apply the invention to various electronic devices but not limit to the above-described 
5 electronic device. 

[0275] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 
13. 

(Embodiment 15) 

10 

[0276] In the display device of the invention, the current source transistor operates in the saturation region. Then, 
in this embodiment, an optimum scope of a channel length of the current source transistor by which power consumption 
of the display device can be suppressed, and yet, linearity of the operation of the current source transistor in the 
saturation region can be maintained will be described. 
15 [0277] The current source transistor, which the display device of the invention has, operates in the saturation region, 
and its drain current Id is represented by the following formula 1 . In addition, it is assumed that Vgs is a gate voltage, 
and u. is mobility, and C 0 is a gate capacitance per unit area, and W is a channel width, and L is a channel length, and 
Vth is a threshold value, and the drain current is Id. 

20 9 

Id = u.CoW/L(Vgs-Vthr/2 (1) 

[0278] From the formula 1 , it is understood that, in case that values of u., Co, Vth, and W are fixed, Id is determied 
by values of L and Vgs, without depending upon a value of Vds. 
25 [0279] Meanwhile, power consumption is comparable to product of a current and a voltage. Also, since Id is proportion 
to luminance of the light emitting element, when the luminance is determined, the value of Id is fixed. Thus, in case 
that reduction of power consumption is taken into consideration, it is understood that IVgsl is desired to be lower, and 
therefore, L is desired to be of a smaller value. 

[0280] However, when the value of L gets smaller, the linearity of the saturation region is getting not to be maintained 
30 gradually due to Early effect or Kink effect. In short, the operation of the current source transistor is getting not to follow 
the above-described formula 1 , and the value of Id is getting gradually to depend upon Vds. Since the value of Vds is 
increased based upon decrease of V EL due to deterioration of the light emitting element, as a chain thereof, the value 
of Id becomes apt to be swayed by the deterioration of the light emitting element. 

[0281] In short, it is not desirable that the value of L is too small, taking the linearity of the saturation region into 
35 consideration, but if too large, it is not possible to suppress the power consumption. It is most desirable that the value 

of L is made to be small within a scope that the linearity of the saturation region can be maintained. 

[0282] Fig.42 shows a relation of L and Aid in a P channel type TFT at the time of W=4u,m and Vds=10v. Aid is a 

value which differentiates Id by L, and comparable to an inclination of Id to L. Thus, the smaller the value of Aid is, it 

means that the linearity of Id in the saturation region is maintained. And, as shown in Fig.42, it is understood that, as 
40 L is enlarged, the value of Aid is getting drastically smaller from an area that L is approximately 1 00u.m. Thus, in order 

to maintain the linearity of the saturation region, it is understood that L is desirable to be the value of approximately 

1O0ujti and more than that. 

[0283] And, taking the power consumption into consideration, since it is desirable that L is smaller, in order to satisfy 
both conditions, it is most desirable that L is 100±10ujn. In short, by setting the scope of L at 90ujn<L<110u/n, the 
45 power consumption of the display apparatus having the current source transistor can be suppressed, and yet, the 
linearity of the current source transistor in the saturation region can be maintained. 

[0284] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 
14. 

50 (Embodiment 16) 

[0285] In this embodiment, shown is a structural example of the pixel using a driving method for further reducing the 
luminance variation which was described in SUMMARY OF THE INVENTION, i.e., a driving method for separately 
using a plurality of the current source circuits which were set at the same output current on the occasion of expressing 
55 the same gray scale. 

[0286] The pixel shown in this embodiment is of a structure which has a plurality of current source circuits, and in 
which a switch part making pairs with a plurality of the current source circuits is shared. One digital video signal is 
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inputted to each pixel, and image display is carried out by selectively using a plurality of the current source circuits. By 
this means, it is possible to reduce the number of elements that each pixel has, and to enlarge an open area ratio. In 
addition, a plurality of the current source circuits which shared the switch part are set in such a manner that they output 
the same constant current each other. And, on the occasion of expressing the same gray scale, the current source 
5 circuits which output the same constant current are separately used. By this means, even if the output currents of the 
current source circuits are tentatively varied, the current flowing through the light emitting element is temporarily av- 
eraged. On that account, it is possible to visually reduce the variation of the luminance due to variation of the output 
currents of the current source circuits between respective pixels. 

[0287] Fig.43 shows the structure of the pixel in this embodiment. In addition, the same reference numerals and 

io signs are given to the same portions as in Fig. 7 and Fig. 8. 

[0288] Fig.43A is of a structure that, in the switch parts 101a and 1 01 b corresponding to the current source circuits 
1 02a and 1 02b, the switching transistor 301 is shared . Also, Fig.43B is of a structure that, in the switch parts 1 01 a and 
101b corresponding to the current source circuits, the switching transistor 301 and the driving transistor 302 are shared. 
In addition, although not shown in Fig.43, the deleting transistor 304 which was shown in the embodiment 2 may be 

15 disposed. A way of a connection of the deleting transistor 304 in the pixel can be made to be the same as in the 
embodiment 2. 

[0289] As the current source circuits 102a and 102b, the current source circuits of the first structure to the fifth 
structure shown in the embodiment 3 can be freely applied. But, in the structure that the switch part making a pair with 
a plurality of the current source circuits is shared as in this embodiment, it is necessary for the current source circuits 
20 1 02a and 1 02b themselves to have a function for selecting the conductive state or the non conductive state between 
the terminal A and the terminal B. A reason thereof is that, it is not possible to select the current source circuit which 
supplies a current to the light emitting element, out of a plurality of the current source circuits 1 02a and 102b, by one 
switch part which was disposed to a plurality of the current source circuits. 

[0290] For example, in the embodiment 3, as to the current source circuits of the second structure to the fifth structure 
25 shown in Figs.10, 11, 12, 13 and so on, the current source circuit 102 itself has the function for selecting the conductive 
state or the non conductive state between the terminal A and the terminal B. That is, in the current source circuit of 
such structure, on the occasion of the setting operation of the current source circuit, it is possible to turn in the non 
conductive state between the terminal A and the terminal B, and on the occasion of carrying out the image display, it 
is possible to turn in the conductive state between the terminal A and the terminal B. On one hand, in the embodiment 
30 3, as to the current source circuit of the first structure shown in Fig.9 etc. , the current source circuit 102 itself does not 
have the function for selecting the conductive state or the non conductive state between the terminal A and the terminal 
B. That is, in the current source circuit of such structure, on the occasion of the setting operation of the current source 
circuit and on the occasion of carrying out the image display, it is in the conductive state between the terminal A and 
the terminal B. Thus, in case that the current source circuit as shown in Fig.9 is used as the current source circuit of 
35 the pixel of this embodiment as shown in Fig.43, there is a necessity to dispose a unit for controlling the conductive 
and non conductive states between the terminal A and the terminal B of the respective current source circuits by a 
signal which is different from the digital video signal. 

[0291 ] In the pixel of the structure of this embodiment, during a period that the setting operation of one current source 
circuit out of a plurality of the current source circuits which shared the switch part is carried out, it is possible to carry 
40 out the display operation by using another current source circuit. On that account, in the pixel structure of this embod- 
iment, even if used is the current source circuit of the second structure to the fifth structure which can not carry out the 
setting operation of the current source circuit and the current output at the same time, it is possible to carry out the 
setting operation of the current source circuit and the display operation at the same time. 

[0292] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 
45 15. 

(Embodiment 17) 

[0293] In this embodiment, shown is an example that the structure of the switch part shown in Fig.3 is applied to the 
50 pixel of the structure shown in Fig. 1 0A in the embodiment 4. 

[0294] The pixel structure of this embodiment is shown in Fig.44A. In addition, the same reference numerals and 
signs are given to the same portions as in Fig.3 and Fig.10A, and the description thereof will be omitted. Also, the pixel 
of such a structure that the anode and the cathode of the light emitting element in Fig.44A was reversed is shown in 
Fig.44B. 

55 [0295] It is possible to realize this embodiment by being freely combined with the embodiment 1 to the embodiment 
16. 

[0296] In the display device of the invention, since the current flowing through the light emitting element can be 
maintained to be the predetermined constant current on the occasion of carrying out the image display, it is possible 
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to have it emitted light with constant luminance regardless of the change of the current characteristic due to deterioration 
etc. of the light emitting element. Also, by selecting the ON state or the OFF state of the switch part by the digital video 
signal, the light emission stato or the non light emission state of each pixel is selected. On that account, it is possible 
to speed up writing of the video signal to the pixel. Furthermore, in the pixel in which the non light emission state was 
selected by the video signal, since the current which is inputted to the light emitting element is completely blocked by 
the switch part, it is possible to realize accurate gray scale expression. 

[0297] In the conventional current writing type analog system pixel structure, there was the necessity to lessen the 
current which is inputted to the pixel according to the luminance. On that account, there was the problem that the 
influence of noise is large. On one hand, in the pixel structure of the display device of the invention, if the current value 
of the constant current flowing through the current source circuit is set larger to some extend, it is possible to reduce 
the influence of noise. 

[0298] Also, it is possible to have the light emitting element emitted light with constant luminance regardless of change 
of the current characteristic due to deterioration etc., and a speed of writing a signal to each pixel is fast, and it is 
possible to express accurate gray scale, and it is possible to provide the display device with low cost and smaller size 
and the driving method thereof. 



Claims 

1 . A display device including a pixel comprising: 

a plurality of current source circuits; and 
a plurality of switch parts, 

wherein a plurality of constant control currents are supplied respectively to the plurality of current source 
circuits, wherein the current source circuits generate respectively constant output currents corresponding to the 
constant control currents, and 

wherein each of the switch parts selects an input of the output current from each of the plurality of current 
source circuits to a light emitting element by a digital video signal. 

2. A display device comprising: 

at lesat one light emitting element; 

a first current source circuit connected to the light emitting element through a first switch; 

a second current source circuit connected to the light emitting element through a second switch; and 

a power source line, 

wherein said first and second current source circuits are connected between the light emitting element and 
the power source line, 

wherein a first control signal is input to the first current source circuit and a second control signal is input to 
the second current source circuit, and 

wherein a first video signal is input to the first switch and a second video signal is input to the second switch. 

3. A display device including a pixel comprising: 

a plurality of current source circuits; and 
a plurality of switch parts, 

wherein a plurality of constant control currents are supplied respectively to the plurality of current source 
circuits, 

wherein the current source circuits generate respectively constant output currents corresponding to the con- 
stant control currents, 

wherein each of the switch parts selects an input of the output current from each of the plurality of current 
source circuits to a light emitting element by a digital video signal, 

wherein each of the plurality of current source circuits comprises: 

a transistor; 

a first means for selectively inputting the control current as a drain current of the transistor; 
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a second means for holding a gate voltage of the transistor; 

a third means for selecting a connection of a gate and a drain of the transistor; and 

a fourth means for setting the output current at a drain current of the transistor which corresponds to the held 

gate voltage. 

4. A display device comprising: 

at lesat one light emitting element; 

a first current source circuit connected to the light emitting element through a first switch; 

a second current source circuit connected to the light emitting element through a second switch; 

a power source line wherein said first and second current source circuits are connected between the light 

emitting element and the power source line in parallel, 

wherein each of the first and second current source circuits comprises: 

a first terminal and a second terminal; 

a first transistor and a second transistor connected between the first and second terminals in series, wherein 
the first transistor comprises a source region and a drain region, wherein first one of the source region and 
the drain region is connected to the first terminal and wherein second one of the source region and the drain 
region is connected to the second transistor; 

a third transistor connected between the power source line and the second one of the source region and the 
drain region of the first transistor; 

a fourth transistor connected between a gate of the first transistor and the second one of the source region 
and the drain region of the first transistor; 

a capacitor connected between the gate of the first transistor and the first one of the source region and the 
drain region of the first transistor. 

5. A display device including a pixel comprising: 

a plurality of current source circuits; and 
a plurality of switch parts, 

wherein a plurality of constant control currents are supplied respectively to the plurality of current source 
circuits, 

wherein the current source circuits generate respectively constant output currents corresponding to the con- 
stant control currents, 

wherein each of the switch parts selects an input of the output current from each of the plurality of current 
source circuits to a light emitting element by a digital video signal, 

wherein one of the plurality of current source circuits comprising: 

a first transistor; 

a first means selectively inputting the control current as a drain current of the first transistor; 

a second means for holding a gate voltage of the first transistor; 

a third means for selecting a connection of a gate and a drain of the first transistor; and 

a fourth means for setting the output current at a drain current of the first transistor which corresponds to the 

held gate voltage, and 

wherein another one of the plurality of current source circuits comprising: 
a second transistor and a third transistor; 

a fifth means for selectively inputting the control current as a drain current of the second transistor; 

a sixth means for holding a gate voltage of the second transistor; 

a seventh means for selecting a connection of a gate and a drain of the second transistor, 

wherein the output current flows as a drain current of the third transistor which gate voltage is the held gate 
voltage of the second transistor. 

6. A display device including a pixel comprising: 
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a plurality of current source circuits; and 
a plurality of switch parts, 

wherein a plurality of constant control currents are supplied respectively to the plurality of current source 
s circuits, 

wherein the current source circuits generate respectively constant output currents corresponding to the con- 
stant control currents, 

wherein each of the switch parts selects an input of the output current from each of the plurality of current 
source circuits to a light emitting element by a digital video signal, 
10 wherein one of the plurality of current source circuits comprising: 

a first transistor; 

a first means for selectively inputting the control current as a drain current of the first transistor; 
a second means for holding a gate voltage of the first transistor; 
is a third means for selecting a connection of a gate and a drain of the first transistor; and 

a fourth means for setting the output current at a drain current of the first transistor which corresponds to the 
held gate voltage, and 

wherein another one of the plurality of current source circuits comprising: 

20 

a second transistor and a third transistor which is serially connected to the second transistor; 

a fifth means for selectively inputting the control current as a drain current of the second transistor; . 

a sixth means for holding a gate voltage of the second transistor; 

a seventh means for selecting a connection of a gate and a drain of the second transistor; and 

25 

wherein the output current flows *s a drain current of the third transistor which gate voltage is a part of the 
held gate voltage of the second transisior. 

7. The display device according to claim 1 , wherein current values of the output currents of the plurality of current 
30 source circuits are set so as to be different from each other. 

8. The display device according to claim 2, wherein current values of the output currents of the first and second 
current source circuits are set so as to be different from each other 

35 9. The display device according to claim 3, wherein current values of the output currents of the plurality of current 
source circuits are set so as to be different from each other. 

10. The display device according to claim 4, wherein current values of the output currents of the first and second 
current source circuits are set so as to be different from each other. 

40 

11. The display device according to claim 5, wherein current values of the output currents of the plurality of current 
source circuits are set so as to be different from each other. 

12. The display device according to claim 6 r wherein current values of the output currents of the plurality of current 
45 source circuits are set so as to be different from each other, 

13. The display device according to claim 1, wherein current values of the control currents which are input to the 
plurality of current source circuits are set so as to be different from each other. 

50 1 4. The display device according to claim 2, wherein the control signals which are input to the first and second current 
source circuits are set so as to be different from each other. 

15. The display device according to claim 3, wherein current values of the control currents which are input to the 
plurality of current source circuits are set so as to be different from each other. 

55 

16. The display device according to claim 4, wherein the control signals which are input to the first and second current 
source circuits are set so as to be different from each other. 
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17. The display device according to claim 5, wherein current values of the control currents which are input to the 
plurality of current source circuits are set so as to be different from each other. 

18. The display device according to claim 6, wherein current values of the control currents which are input to the 
5 plurality of current source circuits are set so as to be different from each other 

19. A driving method of a display device comprising a light emitting element, a plurality of current source circuits and 
a plurality of switch parts, comprising: 

10 a first operation of supplying a constant control current to each of the plurality of current source circuits; and 

a second operation in which, each of the plurality of current source circuits sets the output current at a constant 
current which corresponds to the control current, and each of the plurality of switch parts selects an input of 
the output current from each of the plurality of current source circuits to the light emitting element, by a digital 
video signal. 

15 

20. The driving method of the display device according to claim 1 9, wherein the first operation and the second operation 
are carried simultaneously. 

21 . The driving method of the display device according to claim 1 9, wherein the first operation is carried out when the . 
20 second operation is not carried out. 

22. The driving method of the display device according to claim 19, wherein a current value of the control current to 
be input is equal to a current value of the output current in each of the plurality of current source circuits. 

25 23. The driving method of the display device according to claim 19, wherein current values of the output currents of 
the respective current source circuits are set so as to be different from each other. 

24. The driving method of the display device according to claim 19, wherein current values of the control currents 
which are input to the respective current source circuits are set so as to be different from each other. 

30 
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Fig. 5A Fig. 5B 
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Fig. 9B 
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